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MODIFIED FREE-LIVING MICROBES. VACCINE COMPOSIT IONS AND 
METHODS OF USE THEREOF 

RELATED APPLICATIONS 

[0001] This application claims the priority benefit of U.S. Provisional Application 

No. 60/446,051, filed February 6, 2003, U.S. Provisional Application No. 60/449,153, filed 
February 21, 2003, U.S. Provisional Application No. 60/490,089, filed July 24, 2003, U.S. 
Provisional Application No. 60/51 1,869, filed October 15, 2003, the U.S . Provisional 
Application entitled "Listeria Attenuated for Entry into Non-Phagocytic Cells, Vaccines 
comprising the Listeria, and Methods of Use Thereof,! 9 filed February 2, 2004, the_,contents 
of each of which are hereby incorporated by reference into the present disclosure. 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to vaccine compositions and 

immunotherapy. In particular, the present invention relates to vaccine compositions 
comprising a population of a modified free-living microbe that can be used to deliver a 
particular antigen to an individual. In such compositions, the vaccine is directed against the 
microbe itself or against a heterologous antigen that has been incorporated into the 
microbe.) The present invention also relates to the use of the modified microbes to load 
and to induce the activation and maturation of antigen-presenting cells, such as dendritic 
cells. 

BACKGROUND OF THE INVENTION 
[0002] A variety of vaccines have been developed for clinical use, mostly targeting 

the prevention of infectious diseases caused by viruses, bacteria and parasites. Vaccines 
can be prepared from live attenuated microbes, inactivated (killed) microbes, or 
components of the microbes themselves. Live attenuated microbes contain genetic 
alterations, such as deletion of virulence factors, resulting in a less virulent microbe. For 
inactivated vaccines, a microbe may be chemically or physically inactivated Ideally, such 
vaccines cannot cause an infection but are still able to stimulate a desired immune 
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response. Examples of inactivated vaccines include polio and influenza viruses, and 
bacterial vaccines against cholera and pertussis, although live attenuated -vaccines are an 
option for polio, influenza, and cholera as well. In order to elicit the desired immune 
response, it is important that the inactivated microbe comprises the appropriate antigens 
prior to inactivation. It has been observed in some cases that inactivating the microbe 
results in a significantly reduced immune response because de novo gene expression by an 
infecting microbe is required to stimulate an optimal immune response. This is particularly 
important for intracellular bacteria. Methods that have been used to inactivate bacteria 
include the use of acetone, alcohol, formalin, glutaraldehyde, paraformaldehyde, or phenol, 
heating, or ultraviolet irradiation [Pace et al., Vaccine 16(16): 1563 (1998)]. 
[0003] In addition to using microbial vaccines to prevent infectious diseases caused 

by the microbe itself the microbes can be modified to contain heterologous nucleic acid 
sequences that-encode a certain protein or antigen. Such recombinant microbes are used as 
delivery vehicles and may be used as vaccines to stimulate an immune response to the 
heterologous antigens. These recombinant vaccines have been shown to "be effective in 
animal models. An oral vaccine of live attenuated Salmonella modified to express 
Plasmodium berghei circumsporozite antigen has been shown to protect mice against 
malaria [Aggarwal et al, J Exp Med 172(4): 1083 (1990)]. Similarly, U.S. Patent No. 
6,051,237 describes a live recombinant form of Listeria monocytogenes that grows and 
spreads and expresses a tumor-specific antigen for use as a cancer vaccine. While such 
recombinant vaccines may be effective, each microbe strain must be genetically modified 
to provide the vaccine. It would therefore be desirable to develop a method of producing a 
safe and effective microbial vaccine that can be applied to any microbe, whether or not the 
microbe comprises recombinant antigens. Dendritic cell (DC)-based immunotherapy has 
been widely investigated and demonstrated to provide a clinical benefit for the treatment of 
a wide range of tumor types. A variety of strategies are presently being developed to 
isolate and generate autologous dendritic cells (DC), and subsequently load them with 
antigen or peptides ex vivo prior to patient vaccination. Recent advances in the 
understanding of immune mechanisms have, in addition to efficient antigen loading, 
highlighted the importance of the activation and maturation state of DC used for 
vaccination on the efficacy of cancer immunotherapy. Whereas immature DC are more 
effective in the uptake and processing of antigen, activated/mature DC lose this capacity, 
yet are more potent at presenting antigen to naive T lymphocytes in the context of MHC 
molecules. In fact, mature DCs have been found to be potent antigen presenting cells 
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(APC) to induce primary T lymphocyte responses, overcoming peripheral T cell tolerance 
and enhance anti-tumor immunity. Despite the development of a variety of methods to 
load and to stimulate the activation and maturation of DC that has led to encouraging 
clinical data, there still are not standard efficient and cost effective methods for combining 
antigen loading with E>C activation and maturatioa 



SUMMARY OF THE INVENTION 



[0004] The invention involves a free-living microbe, in which the proliferation of 

the microbe is attenuated while maintaining sufficient microbial gene expression, wherein 
the attenuation can be controlled in a dose-dependent manner. The invention includes 
methods for this attenuation of the free-living microbe. The invention includes vaccine 
compositions comprising these attenuated microbes. The present inventio2~also provides 
novel uses of modified microbes, and attenuated Listeria, in particular, to load and to 
induce the activation and maturation of antigen-presenting cells, such as dendritic cells, in 
vitro or ex vivo. The resulting antigen-presenting cells are useful in vaccines and 
immunotherapy. In particular embodiments, the provided vaccines and immunotherapy are 
directed against cancer. 

[0005] In one aspect, the invention provides a vaccine comprising a free-living 

microbe, wherein the nucleic acid of the microbe (e.g., genomic nucleic acid) is modified 
so that the microbe is attenuated for proliferation. In some embodiments, the attenuation of 
the proliferation of the microbe is controllable in a dose-dependent manner. In some 
embodiments, microbial gene expression in the microbe is substantially unaffected by 
attenuation of the proliferation of the microbe. In some embodiments, the microbe in the 
vaccine expresses an antigen at a sufficient level to induce an immune response to the 
antigen in an individual upon administration of the vaccine to the individual. In some 
embodiments, the nucleic acid has been modified by reaction with a nucleic acid targeted 
compound (alternatively termed a nucleic acid "targeting" compound) which reacts directly 
with the nucleic acid. In one embodiment, the nucleic acid target compound is an alkylator 
such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino] ethyl ester. In other 
embodiments, the nucleic acid targeted compound is a psoralen compound (e.g., 4 ! -(4- 
ainino^-oxaJbutyMjS'jS-trimethylpsoralen, also referred to herein as "S-59") activated by 
UVA iitadiation. In some embodiments, the microbe in the vaccine comprises a genetic 



3 



WO 2004/084936 



PCT/US2004/003671 



mutation that attenuates the ability of the microbe to repair its nucleic acid that has "been 
modified. In some embodiments, the microbe is a bacterium, such as Bacillus anthracis or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine further 
comprises a pharmaceutical acceptable carrier and/or an adjuvant. The invention further 
provides a method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen comprising administering to tbie host 
an effective amount of the vaccine, wherein die microbe expresses the antigen. 
[00O6] In another aspect, the invention provides a vaccine comprising a free-living 

microbe (e.g., a bacterium) which is defective with respect to at least one DNA repair 
enzyme. In some embodiments, the free-living microbe comprises a genetic mutation in 
one or more gene selected from the-grdUp consisting of phrB, uvrA, uvrB, uvrG, uvxD and 
recA, or in a functional equivalent of one or more gene selected from the group consisting 
of phrB, uvrA, uvrB, uvrC, uvrD and recA. In some embodiments, the microbe comprises 
genetic mutations in both uvrA and uvrB (or in functional equivalents of both uvrA and 
uvrB, depending upon the genus and species of the microbe). In some embodiments, the 
microbe is defective with respect to RecA (or the functional equivalent of RecA, depending 
upon the genus and species of the microbe). In some embodiments, the microbe comprises 
a heterologous nucleic acid sequence encoding an antigen (for instance, a cancer antigen, or 
an infectious disease antigen foreign to the microbe). In some embodiments, the vaccine 
further comprises a pharmaceutical^ acceptable carrier or an adjuvant. The invention 
further provides method of preventing or treating a disease in a host, comprising 
administering to the host an effective amount of the vaccine. The invention also provides a 
method of inducing an immune response in a host to an antigen comprising administering 
to the host an effective amount of the vaccine wherein the microbe expresses the antigen. 
[00O7] In another aspect, the invention provides an isolated mutant Listeria strain, 

such as a mutant Listeria monocytogenes strain, comprising a genetic mutation that 
attenuates its ability to repair its nucleic acid. In some embodiments, the mutant Listeria 
strain is defective with respect to at least one DNA repair enzyme (such asUvrA and/or 
UvrB). In some embodiments, the mutant Listeria strain comprises a genetic mutation in 
the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is the Listeria 
monocytogenes actA'/uvrAB' strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA-5563. In other embodiments, the strain 
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is a mutant of the Listeria monocytogenes actAluvrAB' strain deposited with the American 
Type Culture Collection (ATCC) and identified by accession number PTA.-5563, wherein 
the mutant of the deposited strain is defective with respect to UvrA, UvrB, and ActA. The 
invention further provides vaccines and professional antigen-presenting cells comprising 
the mutant Listeria strain. Methods of using the modified Listeria strain to induce immune 
responses and to prevent or treat disease are also provided. 

[0008] In another aspect, the invention provides an isolated mutant Bacillus 

anthracis strain, comprising a genetic mutation that attenuates its ability to repair its 
nucleic acid In some embodiments, the mutant strain is defective with respect to at least 
one DNA repair en2yme (such asUvrA and/or UvrB). In some embodiments, the mutant 
strain comprises a genetic mutation in the uvrA gene and/or the uvrB gene. In some 
embodiments, the mutant strain is attenuated with respect to RecA. In some embodiments, 
the mutant strain comprises a genetic mutation in the recA gene. In some embodiments, the 
mutant strain comprises one or more mutations in the lef gene, cya gene, or both genes, that 
decreases the toxicity of the strain. The invention further provides vaccines and 
professional antigen-presenting cells comprising the mutant strain. Methods of using the 
modified Bacillus anthracis strain to induce immune responses and to prevent or treat 
disease are also provided. 

[0009] In one embodiment, the invention includes a vaccine comprising bacteria 

that has been reacted with a psoralen compound and UVA light, wherein Che proliferation 
of the bacteria is attenuated. In one embodiment, the bacterial expression is sufficiently 
active after the psoralen modification such that the psoralen attenuated bacteria can 
continue to express a protein antigen, wherein when the bacteria is administered to an 
individual, an immune response to the antigen is elicited. In one embodiment, the desired 
immune response is to the bacteria itself. In one embodiment, the bacteria are a 
recombinant strain that expresses a heterologous protein antigen, wherein "when the bacteria 
is administered to an individual, an immune response to the heterologous antigen is 
elicited. Such a vaccine comprising a heterologous antigen may be designed to treat or 
prevent a variety of diseases including infectious diseases, autoimmune diseases, allergies, 
cancers, and other hyperproliferative diseases. 

[0010] For the treatment or prevention of infectious diseases, the disease causing 

agent may be prepared according to the methods of the invention to be used as the vaccine. 
In one embodiment, a vaccine can be prepared from a microbe of the invention comprising 
a heterologous antigen from the disease-causing agent, such as a virus, bacterium or 
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parasite. Such a vaccine may provide a level of benefit when the health risk of receiving 
the bacterial vector is significantly less than the risks associated with possible infection by 
the infectious agent. A heterologous vaccine for the treatment or prevention of infections 
disease that is attenuated by the methods of the present invention may have other benefits 
as well. First, it may not be possible to prepare an attenuated live vaccine or a killed 
vaccine directly from the infectious agent itself. Second, if a live vaccine is required, it 
may not be possible to otherwise attenuate the infectious agent and still maintain an " 
appropriate immune response. 

[0011] Another possibility is that the antigen inserted into the bacterial vector does 

not stimulate an immune response in an individual in the absence of the innate immune 
response induced by the bacterial vector. For example, diseases in which autologous cells 
proliferate improperly may contain antigens that do not typically stimulate an immune 
response. It may be useful to fight such diseases by findmg-a way to stimulate such an • 
immune response against an autologous antigen. In one embodiment the proliferating cells 
express or over express an antigen at higher levels than on a normal cell so that the immune 
response is largely specific to the proliferating cells. Diseases that may be treated with 
such a vaccine include, but are not limited to, autoimmune diseases, allergies, cancers and 
other hyperproliferative cellular diseases. In another embodiment, the vaccine may target a 
product of the disease or a disease related target rather than the diseased cells themselves. 
For example, tumors may be treated with a vaccine targeting vascular endothelial growth 
factor (VEGF), which is essential for generation of new blood vessels required to feed 
tumor cells. The VEGF is peripheral to the tumor cells themselves but is prevalent in areas 
of tumor growth and is a viable vaccine target that could potentially limit the growth of the 
tumor cells. Another example is a vaccine that comprises an antigen that will elicit a 
response to a disease related protein, such as the proteins that cause the amyloid plaques 
characteristic of Alzheimer's disease or Creiatzfeldt- Jakob disease. Similarly, the vaccinae 
may target proteins involved in autoimmune or allergic responses. The vaccine may 
comprise an idiotype antigen that can elicit a response to the specific antibodies or cells, 
such as B-cells or T cells, causing an autoimmune or allergic response. 
[0012] In one embodiment, the invention includes a vaccine- composition 

comprising a free-living microbial population in which the microbial nucleic acid is 
modified so that the proliferation of the microbial population is attenuated, wherein the 
microbial gene expression is substantially unaffected. In one embodiment, the microbial 
gene expression is substantially unaffected so that an antigen is expressed at a level 
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sufficient to stimulate an immune response upon administration of the microbial population 
to an individual. In one embodiment, the proliferation of the microbial population is 
attenuated by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, about 
4 log, about 6 log, or at least about 8 log. In another embodiment, the proliferation of the 
microbial population is attenuated by about 0.3 to > 10 log, about 2 to >10 log, about 4 to 
>10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 1-5 log, 
or about 2-5 log. In one embodiment, the expression of an antigen by the microbial 
population is at least about 10%, about 25%, about 50%, about 75%, or at least about 90% 
of the expression of the antigen by a microbial population in which the microbial nucleic 
acid is not modified. In. one embodiment, the antigen expressed is an antigen from the 
microbe itself. In one embodiment, the microbe comprises a heterologous nucleic acid 
sequence encoding an antigen. In one embodiment, the antigen is a disease associated 
antigen. In one embbdirnent, the antigen is associated with a disease selected-firom the 
group consisting of infectious diseases, autoimmune diseases, allergies, cancers, and other 
hyperproliferative diseases. In one embodiment, the antigen is a tumor associated antigen. 
In one embodiment, the tumor antigen is selected from the group consisting of 
differentiation antigens, tissue-specific antigens, developmental antigens, tumoir-associated 
viral antigens, cancer-testis antigens, embryonic antigens, oncoprotein antigens, over- 
expressed protein antigens and mutated protein antigens. In one embodiment, ttie tumor 
antigen is selected from the group consisting of mesothelin, Spl7, gplOO, EphAj2, PR3, 
PAGE-4, TARP, and SP AS-1. In one embodiment, the microbial nucleic acid is modified 
by a method selected from the group consisting of exposing the microbe to radiation and 
reacting the microbe with a nucleic acid targeted compound that causes the modification of 
the microbial nucleic acid. In a preferred embodiment, the microbial nucleic acid is 
modified by reacting the microbial population with a nucleic acid targeted compound that 
reacts directly with the nucleic acid. In one embodiment, the nucleic acid targeted 
compound is targeted to the nucleic acid by a mode selected from the group consisting of 
intercalation, minor groove binding, major groove binding, electrostatic binding-, and 
sequence-specific binding. In one embodiment, the nucleic acid targeted compound 
comprises a nucleic acid alkylator. In a preferred embodiment, the nucleic acid targeted 
compound is p-alanine, N-(acridin-9-yI), 2-[bis(2-chloroethyl)amino]ethyl ester. In one 
embodiment, the nucleic acid targeted compound that reacts direcdy with the nacleic acid 
reacts upon activation of the compound by irradiation, preferably by UVA irradiation. In 
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one embodiment, the nucleic acid targeted compound activated by UVA irradiation is a 
psoralen. In a preferred embodiment, the psoralen is 4 f -(4-amijio-2-oxa)butyl-4,5 , ,8- 
trimethylpsoralen. In one embodiment, the nucleic acid targeted compound indirectly 
causes the modification of the nucleic acid. In one embodimeot, the nucleic acid targeted 
compound indirectly causes modification upon activation by irradiation, preferably by 
UVA irradiation. In one embodiment, the microbe comprises a genetic mutation. In one 
embodiment, the genetic mutation results in the attenuation of the ability of the microbe to 
repair microbial nucleic acid that has been modified. In one embodiment, the genetic 
mutation is in the gene selected from the group consisting of phrB, uvrA, t/wB, uvrC, uvrD 
and recA y or their functionally equivalent genes, depending on the genus and species of the 
microbe. In one embodiment, the genetic mutation is in more than one of the genes 
selected from the group consisting of phrB, uvrA, uvrB, uvrC, uvrD and recA, or their 
functionally equivalent genes, depending on the genus and species of the microbe. In an 
embodiment where the mutation is in the recA gene, whether alone or in combination with 
one or more other mutations, the recA mutation is a conditional mutation. In one 
embodiment, the genetic mutation results in the attenuation in the activity of at least one of 
a DNA repair enzyme selected from the group consisting of PhrB, UvrA, UvrB, UvrC, 
UvrD and RecA . In one embodiment, attenuation in the activity of RecA is conditional. In 
a further embodiment, the microbes containing these mutations are modified by reaction 
with a psoralen activated by UVA irradiation. In a preferred embodiment, the psoralen is 
4X4-amino-2-oxa)butyl-4,5 ! ,8-trimethylpsoralen. In one embodiment, the microbe is 
selected from the group consisting of bacteria, protozoa and fungi. In one embodiment, the 
microbe is a bacteria. In one embodiment, the bacteria is a mycobacteria. In one 
embodiment, the mycobacteria is Mycobacterium tuberculosis. In one embodiment, the 
bacteria is an intracellular bacteria. In one embodiment, the intracellular bacteria is 
Bacillus anthracis. In one embodiment, the intracellular bacteria is Yersinia pestis. In a 
preferred embodiment, the bacteria is a Listeria, preferably Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in tfcie attenuation of the ability 
of the Listeria to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria by phagocytic cells. In one embodiment, the Listeria mutation is in an 
internalin gene(s). In one embodiment, the Listeria mutation is in the gene selected from 
the group consisting of z/i/A, wiiB, and any gene encoding an internalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the inlA and 
inlB genes. In one embodiment, the Listeria comprises a mutation that results in the 
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attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. In 
one embodiment, the Listeria mutation is in the hly gene. In one embodiment, the Listeria 
comprises a mutation that results in the attenuation of the polymerization of actin by the 
Listeria. In one embodiment, the Listeria mutation is in th.e act A gene. In one 
embodiment, the Listeria monocytogenes comprises more than one mutation. In a preferred 
embodiment, the Listeria mutations are in both the actA aixd inlB genes, preferably deletion 
mutations in both the actA and inlB genes. 

[0013] In one embodiment, the invention includes a vaccine comprising a microbial 

population in which the microbial nucleic acid is modified by reaction with a nucleic acid 
targeted compound that reacts directly with the nucleic acid so that the proliferation of tfcie 
microbial population is attenuated, wherein the microbial gene expression is substantially 
unaffected, and wherein the microbe of the population comprises a heterologous nucleie 
acid sequence encoding a tumor antigen: In one embodiment, the microbial gene 
expression is substantially unaffected so that the tumor antigen is expressed at a level 
sufficient to stimulate an immune response upon administration of the microbe to an 
individual. In one embodiment, the proliferation of the microbial population is attenuated 
by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, about 4 log, 
about 6 log, or at least about 8 log. In another embodiment, the proliferation of the 
microbial population is attenuated by about 0.3 to > 10 log 3 about 2 to >10 log, about 4 to 
>10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 1-5 log, 
or about 2-5 log. In one embodiment, the expression of the tumor antigen by the microbial 
population is at least about 10<K>, about 25%, about 50%, about 75%, or at least about 90 % 
of the expression of the tumor antigen by a microbial population in which the microbial 
nucleic acid is not modified. In one embodiment, the tumor antigen is selected from the 
group consisting of differentiation antigens, tissue-specific antigens, developmental 
antigens, tumor-associated viral antigens, cancer-testis antigens, embryonic antigens, 
oncoprotein antigens, over-expressed protein antigens and xnutated protein antigens. In one 
embodiment, the tumor antigen, is selected from the group consisting of mesothelin, Spl"7, 
gplOO, EphA2, PR3, PAGE-4, TARP, and SPAS-1. In one embodiment, the nucleic aci<i 
targeted compound comprises an alkylator. In one embodiment, the alkylator is selected, 
from the group consisting of mustards, mustard intermediates and mustard equivalents. In 
one embodiment, the nucleic acid targeted compound comprises a nucleic acid targeting 
group selected from the group consisting of intercalated, minor groove binders, major 
groove binders, electrostatic binders, and sequence-specific binders. In one embodiment, 
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the nucleic acid targeted compound is p-alanine, N-(acridin-9-yl), 2-[bis(2- 
chloroethyl)amino]ethyl ester. In one embodiment, tbe nucleic acid targeted compound 
reacts directly with the nucleic acid upon activation of the compound. In one embodiment, 
the activation of the compound is by irradiation. In one embodiment, the irradiation is 
UVA irradiation. In a preferred embodiment, the nucleic acid targeted compound is a 
psoralen compound activated by UVA irradiation. In a preferred embodimea-t, the psoralen 
is 4 , -(4-amino-2-oxa)butyl-4,5\8-trimethylpsoralen. In one embodiment, the microbe of 
the population comprises a genetic mutation. In one embodiment, the genetics mutation 
results in the attenuation of the ability of the microbe to repair microbial nucleic acid that 
has been modified. In one embodiment, the genetic mutation is in the gene selected from 
the group consisting of j?hr&, uvrA, uvrB, icvrC, tcvrO and recA, or their functionally 
equivalent genes, depending on the genus and species of the microbe. In one embodiment, 
"tfcef genetic mutation is in more than one'of the genes selected from the group consisting of 
phrB, wvrA, uvrB, wvrC, uvrD and recA, or their ftnctionally equivalent gen&s, depending 
on the genus and species of the microbe. In an embodiment where the mutation is in the 
recA gene, whether alone or in combination with one or more other mutations-, the recA 
mutation is a conditional mutation. In one embodiment, the genetic mutation xesults in the 
attenuation in the activity of at least one of a DNA repair enzyme selected from the group 
consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA. In one embodiment^ attenuation 
in the activity of RecA is conditional. In a further embodiment, the microbes containing 
these mutations are modified by reaction with a psoralen activated by UVA irradiation. In 
a preferred embodiment, the psoralen is 4 , ^4-amino-2-oxa)butyM > 5\8-triniettiylpsoralen. 
In one embodiment, the microbe is selected from the group consisting of bacteria, protozoa 
and fungi. In one embodiment, the microbe is a bacteria. In one embodiment, the bacteria 
is an intracellular bacteria. In a preferred embodiment, the bacteria is a Listeria, preferably 
Listeria monocytogenes. In one embodiment, the Listeria comprises a mutation that results 
in the attenuation of the ability of the Listeria to invade non-phagocytic cells without 
significantly affecting the uptake of the Listeria by phagocytic cells. In one enabodiment, 
the Listeria mutation is in an internalin gene(s). In one embodiment, the Listeria mutation 
is in the gene selected from the group consisting of inlA, inlB, and any gene eixcoding an 
internalin. In one embodiment, the Listeria monocytogenes comprises a genetic mutation 
in both the inlA and inlB genes. In one embodiment, the Listeria comprises a mutation 
that results in the attenuation of the ability of the Listeria to escape the phagolysosome of 
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an infected cell. In one embodiment, the Listeria mutation is in the hly gene. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the 
polymerization of actin by the Listeria. In one embodiment, the Listeria nxutation is in the 
act A. gene. In one embodiment, the Listeria monocytogenes comprises more than one 
mutation. In a preferred embodiment, the Listeria mutations are in both the actA and inlB 
genes, preferably deletion mutations in both the actA and inlB genes. In a preferred 
embodiment, the Listeria monocytogenes actA/inlB deletion mutant further comprises a 
deletion mutation in the uvrAB gene, 

[0014] In one embodiment, the invention includes a vaccine comprising a Listeria 

monocytogenes population in which the listerial nucleic acid is modified by reaction with a 
psoralen activated by UVA irradiation so that the proliferation of the listerial population is 
attenuated, wherein the listerial gene expression is substantially unaffected, and wherein 
th6 Listeria monocytogenes comprises a heterologous nucleie-acid sequence encoding a- 
tumor antigen. In a preferred embodiment, th.e psoralen is 4 v ^4-amiiio-2-oxa)1}utyl-4,S\8- 
trimethylpsoralen. In one embodiment, the listerial gene expression is substantially 
unaffected so that the tumor antigen is expressed at a level sufficient to stimulate an 
immune response upon administration of the Listeria to an individual. In one embodiment, 
the proliferation of the listerial population is attenuated by at least about 0.3 log, also at 
least about 1 log, about 2 log, about 3 log,about 4 log about 6 log, or at least about 8 log. 
In another embodiment, the proliferation of th.e listerial population is attenuated by about 
0.3 to > 10 log, about 2 to >10 log, about 4 to >10 log, about 6 to >10 log, about 0.3-8 log, 
about 0.3-6 log, about 0.3-5 log, about 1-5 log, or about 2-5 log. In one embodiment, the 
expression of the tumor antigen by the listerial population is at least about 1 0%, about 25%, 
about 50%, about 75%, or at least about 90% of the expression of the tumor- antigen by a 
listerial population in which the listerial nucleic acid is not modified. In one embodiment, 
the tumor antigen is selected from the group consisting of differentiation antigens, tissue- 
specific antigens, developmental antigens, tumor-associated viral antigens, cancer-testis 
antigens, embryonic antigens, oncoprotein antigens, over-expressed protein antigens and 
mutated protein antigens. In one embodiment,, the tumor antigen is selected, from the group 
consisting of mesothelin, Spl7, gplOO, EphA2, PR3, PAGE-4, TARP, and SPAS-1. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation. In one 
embodiment, the genetic mutation results in ttxe attenuation of the ability of the Listeria 
monocytogenes to repair nucleic acid that has been modified. In one embodiment, the 
genetic mutation is in the gene selected from the group consisting of phrB, zsvrA, uvrB, 
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uvrC, uvrD and recA. In one embodiment, the genetic mutation is in more than one of the 
genes selected from the group consisting ofphrB, uvrA, uvrB, uvrC, uvrD and recA. In an 
embodiment where the mutation is in the recA gene, whether alone or in combination with 
one or more other mutations, the recA mutation is a conditional mutation. In one 
embodiment, the genetic mutation results in the attenuation in the activity of at least one of 
a DNA repair enzyme selected from the group consisting of PhrB, UvrA, UvrB, UvrC, 
UvrD and RecA. In one embodiment, attenuation in the activity of RecA is conditional. In 
one embodiment, the genetic mutation results in the attenuation of the ability of the Listeria 
monocytogenes to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria monocytogenes by phagocytic cells. In one embodiment, the genetic mutation 
is in an internalin gene(s). In one embodiment, the Listeria mutation is in the gene selected 
from the group consisting of inlA, inlB, and any gene encoding an internalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the MA and 
inlB genes. In one embodiment, the Listeria comprises a mutation that results in the 
attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. In 
one embodiment, the Listeria mutation is in the hly gene. In one embodiment, the genetic 
mutation results in the attenuation of the polymerization of actin by the Listeria. In one 
embodiment, the Listeria mutation is in the actA gene. In one embodiment, the Listeria 
monocytogenes comprises more than one mutation. In a preferred embodiment, the Listeria 
mutations are in both the actA and inlB genes, preferably deletion mutations in both the 
actA and inlB genes. In a preferred embodiment, the Listeria monocytogenes actAJinlB 
deletion mutant further comprises a deletion mutation in the uvrAB gene. 
[0015] In another aspect, the invention provides a professional antigen-presenting 

cell (e.g., a dendritic cell) comprising a free-living microbe, wherein th_e nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. In some 
embodiments, the attenuation of the proliferation of the microbe is controllable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by attenuation of the proliferation of the micro*be. In some 
embodiments, the microbe in the vaccine expresses an antigen at a sufficient level to induce 
an immune response to the antigen in an individual upon administration of the vaccine to 
the individual. In some embodiments, the nucleic acid has been modified by reaction with 
a nucleic acid taigeted compound which reacts directly with the nucleic acid. In one 
embodiment,the nucleic acid target compound is an alkylator such as (3 -alanine, N-(acridin- 
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9-yl), 2-I>is(2-chloroethyl)amino]ethyl ester. In other embodiments, the nucleic acid 
targeted compound is a psoralen compound (e.g., 4 , -(4-amino-2-oxa)butyl-4,5 t ,8- 
trimethylpsoralen, also referred to herein as "S-59") activated by UVA irradiation. In some 
embodiments, the microbe in the vaccine comprises a genetic mutation that attenuates the 
ability of the microbe to repair its nucleic acid that has been modified. In some 
embodiments, the microbe is a bacterium. In some eirLbodiments, the microbe comprises a 
heterologous nucleic acid sequence encoding an antigen. The invention also provides a 
vaccine comprising the antigen-presenting cell. The invention further provides a method of 
preventing or treating a disease in a host, comprising administering to the host an effective 
amount of the antigen-presenting cell. The invention also provides a method of inducing 
an immune response in a host to an antigen comprising administering to the host an 
effective amount of the antigen-presenting cell, wherein the microbe expresses the aoitigen. 
The invention further provides a method of activating ixaive T cells ex vivo and/or- w- vitro 
(not mutually exclusive), comprising contacting the narve T cells with the professional 
antigen-presenting cell under suitable conditions and for a sufficient time to activate the 
naive T-cells. 

[0016] In another aspect, the invention provides an isolated professional antijgen- 

presenting cell (e.g., a dendritic cell) comprising a free-living microbe (e.g., a bacterium) 
which is defective with, respect to at least one DNA repair enzyme. In some embodiments, 
the microbe comprises a genetic mutation is in one or nxore gene selected from the grx>up 
consisting of phrB, uvrA, uvrB, uvrC, uvrD and recA, ox in a functional equivalent o f one 
or more gene selected from the group consisting of phrB, uvrA, uvrB, uvrC, uvrD and 
recA. For instance, the microbe may comprise genetic mutations in both uvrA and u*vrB, or 
in functional equivalents of both uvrA and uvrB (depending on the genus and species of the 
microbe). In some embodiments, the antigen-presenting cell is defective with respect to 
RecA, or the functional equivalent of RecA. In some embodiments, the microbe conxprises 
a heterologous nucleic acid sequence encoding an antigen. Methods of preventing or 
treating a disease in a host, comprising administering to the host an effective amount of the 
antigen-presenting cell are also provided, as are methods of inducing an immune response 
in a host to an antigen comprising administering to the host an effective amount of the 
antigen-presenting cell, wherein the microbe expresses ttie antigen. 
[00171 In another aspect, the invention provides a method of loading professional 

antigen-presenting cells with an antigen comprising contacting the professional antigen- 
presenting cells (in vitro or in vivo) with a free-living microbe that comprises a nucleio acid 
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sequence encoding the antigen, under suitable conditions and for a sufficient time to load 
the professional antigen-presenting cells, wherein the nucleic acid of the miciobe is 
modified (e.g., has been modified by reaction with a nucleic acid targeted compound that 
reacts directly with the nucleic acid) so that the microbe is attenuated for proliferation. 
[0018] In still another aspect, the invention provides a method of activating and/or 

maturing professional antigen-presenting cells comprising contacting the professional 
antigen-presenting cells (in vitro or in vivo) with a free-living microbe that comprises a 
nucleic acid sequence encoding an antigen, under suitable conditions and for a sufficient 
time to load the professional antigen-presenting cells, wherein the nucleic acid of the 
microbe is modified (e.g., has been modified by reaction with a nucleic acid targeted 
compound that reacts directly with, the nucleic acid) so that the microbe is attenuated for 
proliferation. 

[0019]' In yet another aspect, the invention provides a method of preventing or 
treating a disease in a host, comprising the following steps, (a) loading professional 
antigen-presenting cells with an antigen by contacting the cells with a free-living microbe 
that comprises a nucleic acid sequence encoding an antigen, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation; and (b) 
administering an effective amount of a composition comprising the loaded professional 
antigen-presenting cells to the host. In some embodiments, the microbe has been, modified 
by reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid. 
[0020] In still another aspect, the invention provides a method of loading 

professional antigen-presenting cells, such as dendritic cells, with an antigen(s), comprising 
contacting the cells in vitro or ex vivo with a modified microbe expressing the antigen, 
under suitable conditions and for a time sufficient to load the antigen-presenting cells. In 
some embodiments, proliferation of the microbe is attenuated. In some embodiments, the 
microbe maintains sufficient gene expression to effect antigen presentation by the cell, 
even though proliferation of the microbe is attenuated. The antigen presentation can be 
MHC class I presentation or MHC class II presentation. 

[0021] In another aspect, tfcie invention provides a method of activating aod/or 

maturing antigen-presenting cells (for instance, dendritic cells) comprising contacting the 
antigen-presenting cells in vitro or ex vivo with a modified microbe under suitable 
conditions and for a time sufficient to activate the dendritic cells and/or to allow tie 
antigen-presenting cells to mature. In one embodiment, proliferation of the microbe is 
attenuated. In another embodiment, the microbe maintains sufficient gene expression to 
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effect activation and/or maturation of the cell, even though proliferation of the microbe is 
attenuated. 

[0022] In still another aspect, the invention provides a method of inducing an 

immune response to an antigen, comprising administering to the host an effective amount 
of an immunogenic composition comprising an antigen presenting cell (such as a dendritic 
cell) presenting the antigen, wherein the antigen-presenting cell comprises a modified 
microbe. In one embodiment, proliferation of the microbe has been attenuated- In another 
embodiment, the microbe maintains sufficient gene expression to effect antigen, 
presentation by the cell, even though proliferation of the microbe is attenuated. In one 
embodiment, the immune response is a CD8 + T-cell response. In another embodiment, the 
immune response is a CD4*" T-cell response. 

[0023] In yet another aspect, the invention provides a method of inducing an 

immune response to an antigen, comprising the following steps: (a) contacting antigen- 
presenting cells (such as dendritic cells) in vitro or ex vivo with Listeria expressing the 
antigen under suitable conditions and for a time sufficient to load the antigen-piresenting 
cells with the antigen and to effect activation and/or maturation of the antigen-presenting 
cells; and (b) administering an effective amount of the antigen-presenting cells to the host 
In one embodiment, proliferation of the microbe is attenuated. In another embodiment, the 
microbe which is contacted with the antigen-presenting cells maintains sufficient gene 
expression to effect both presentation of the antigen on the antigen-presenting & ell and 
activation and/or maturation of the antigen-presenting cell, even though proliferation of the 
microbe is attenuated. In one embodiment, the immune response is a CD8 + T-c ell 
response. In another embodiment, the immune response is a CD4 + T-cell response. 
[0024] In another aspect, the invention provides an ex vivo or in vitro professional 

antigen-presenting cell comprising a modified microbe, wherein proliferation of the 
microbe is attenuated. In another embodiment, the modified microbe maintains sufficient 
gene expression to effect antigen presentation by the dendritic cell, even though, 
proliferation of the microbe is attenuated. In one embodiment, the antigen-presenting cell 
is a dendritic cell. 

[0025] In yet another aspect, the invention provides a vaccine comprising an 

antigen-presenting cell (such, as a dendritic cell), wherein the antigen-presenting cell 
comprises a modified microbe. In one embodiment, the microbe is Listeria. In one 
embodiment, proliferation of the Listeria has been attenuated. In another embodiment, the 



15 



WO 2004/084936 



PCT/US2004/003671 



Listeria maintains sufficient gene expression to effect antigen presentation on the cell, even 
though proliferation of the Listeria is attempted. 

[0026] In a still further aspect, the invention provides a pharmaceutical composition 

comprising an antigen-presenting cell (such, as a dendritic cell) and a pharmaceutical^ 
acceptable carrier, wherein the antigen-presenting cell comprises modified Listeria. In one 
embodiment, proliferation of the Listeria has been attenuated. In another embodiment, the 
Listeria maintains sufficient gene expression to effect antigen presentation by the cell, even 
though proliferation of the Listeria is attenuated. 

[0027] In some embodiments of each of the aforementioned aspects, the modified 

microbe is a modified Listeria. In additional embodiments of each of the aforementioned 
aspects, the Listeria is Listeria monocytogenes. In still further embodiments, the Listeria 
comprises a mutation in one or more genes selected from the group consisting of phrB, 
uvrA, uvrJB, uvrC, uvrD 9 and recA. For instance, in any of the aforementioned aspects, the 
Listeria optionally comprises a mutation in uvrAB. In alternative embodiments, the 
Listeria optionally comprises both a mutation in uvrAB and actA. 

[0028] In other embodiments of eacli of the aforementioned aspects, the attenua-tion 

of the Listeria has been effected by exposure of the Listeria to a cross-linking agent. In. 
some embodiments of each of the aforementioned aspects, the cross-linking agent is [5- 
alanine, N-(acridin-9-yl), 2-[bis(2-chloroetlxyl)amino]ethyl ester. In other embodiments of 
each of the aforementioned aspects, the cross-linking agent is a psoralen derivative and the 
Listeria is exposed to UVA light. In some embodiments of each of the aforementioned 
aspects, tfcte cross-linking agent is 4-(4-amirio-2-oxa)butyl-4,5 l ,8-trimethylpsoralen (also 
referred to herein as "S-59"). 

DRAWINGS 

[0029] Figure 1 shows the attenuation of wild-type Listeria DP-L4056 containing 

OVA antigen as a function of psoralen S-59 concentration (2 J/cm 2 UVA) along with the 
measurement of OVA antigen presentation to a dendritic cell line. The bacterial log titer 
and % of antigen presented relative to untreated (data is for 100 Listeria per DC 2.4 cell} 
are plotted, vs. nM S-59. 

[0030] Figure 2 shows the attenuation of wild-type Listeria DP-L4056 (2 A) and 

LLO- mutant DP-L4027 (2B) containing OVA antigen as a function of alkylator compound 
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I concentration along with the measurement of OVA antigen presentation to a dendritic cell 
line. The bacterial log titer and % of antigen presented relative to untreated (data is fax 1 
Listeria per DC 2.4 cell) are plotted vs. \M compound I. 

[0031] Figure 3 shows a comparison of the inactivation of wild type E. coli to 

repair deficient mutant CSR 603 (uvrA recA phr mutant) as a function of S-59 
concentration (2 J/cm 2 UVA). The bacterial log titer is plotted vs. nM S-59 (log scale>. 
[0032] Figure 4 sho^ws the mean tumor volume as a function of days post implant of 

B16 OVA tumors into C57B1/6 mice that are vaccinated at days 3, 7, and 14. The vaccines 
tested are with and without S-59 treatment. 

[0033] Figure 5 shows the percent survival as a function of days post implant of 

B16 OVA tumors into C57B1/6 mice that are vaccinated at days 3, 7, and 14. The vaccines 
tested are with and without S-59 treatment. 

[0034] Figure's shbxvs flow cytometry results showing a population of spleen cells 

that are TNF-a and IFN-y positive from mice vaccinated with wild type Listeria with and 

without OVA expression, with and without S-59 UVA. treatment (PCT). Figure 6A shows 

the population ofcells specific for LLO190-210. Figure 6B shows the population of cells 
specific for OVA. 

[0035] Figure 7 shows ELISPOT results showing the number of IFN-y spot forming 

cells per 2 x 10 5 spleen cells upon stimulation with either SL8, LLO 190 -20i, or LL0 2 96-3O4» 
from mice vaccinated with the indicated wild type Listeria strains with or without S-59 
UVA treatment (PCT). 

[0036] Figure 8 shows the attenuation of Listeria strains with and without deletion 

of uvrAB. The log titer is plotted vs. nM concentration of psoralen S-59 used (6 J/cm 2 ) . 
Figure 8A, strains DP-L401 7(L461T LLO mutant) and wild type (DP-L4056). Figure SB, 
strains DP-L4017 and DP-L4029 (AactA), 

[0037] Figure 9 shows the attenuation of DP-L>4029 (AactA) Listeria strain 

containing OVA antigen as a function of psoralen S-59 concentration along with the 
measurement of OVA antigen presentation to a dendritic cell line. The parent strain ( in 
this case, AactA; 9A, 9C) is compared to the strain with a uvrAB deletion (AuvrAB; 9B y 
9D). The bacterial log titer and % of antigen presentation relative to untreated are plotted 
vs. nM S-59. Figures 9A, 9B, dosed with 0.5 J/cm 2 ITVA, washed Listeria once, dosed 
again with 5.5 J/cm 2 UVA, antigen presentation measured at 1 Listeria per DC 2.4 cell. 
Figures 9C, 9D, Listeria was grown in the presence of S-59, then dosed with 6 J/cm 2 UVA, 
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antigen presentation measured at 10 Listeria per DC 2.4 cell. (Expanded plots of the data 
are also provided in Figures 9C and 9D.) 

[0038] Figure 10 shows polyacrylamide gels of 35 S methionine/cysteine 

incorporated into protein synthesized by S-59/UVA treated Listeria monocytogenes strains 
DP-L4029 (AactA) and DP-L4029 uvrAB (AactAAuvrAB). 

[0039] Figure 1 1 shows the ELISPOT assay for spleen cells from mice vaccinated 

with 59/UVA treated (two methods) Listeria monocytogenes strains D?-LA029(AactA)- 
OVA or AactAAuvrAB-OVA, stimulated with OVA specific antigen SL8, LLO specific 
antigens LLO 190 and LLO 296. Figure 1 1A shows spot forming colonies on plates 
stimulated with OVA specific antigen, Figure 1 1 B plots the IFN-y spot forming cells per 2 
x 10 5 spleen cells for all three antigens. 

[0040] Figure 12 shows the Intracellular Cytokine Staining (ICS) assay for spleen 

cells from mice vaccinated with S-59/UVA treated (two methods) Listeria, monocytogenes 
strains DP-L4029(>dackf )-OVA or AactAAuvrAH-QN A, stimulated with OVA derived T 
cell epitope SL8 (12A), LLO specific class II antigen LLO190-201 (12B), or LLO specific 
class I antigen LLO 2 96-304 (12C). The S-59/UVA. treated Listeria are marlced "PCT" (stands 
for photochemical treatment) in the figure. 

[0041] Figure 13 shows the number of colony forming units isolated per spleen 

(13A) or liver (13B) from mice vaccinated with S-59/UVA treated (two methods) Listeria 
monocytogenes strains TyP-lA029(AactA) or AactAAuvrAB and challenged with wild type 
Listeria monocytogenes thirty days after vaccination. 

[0042] Figure 14 shows the number of colony forming units isolated per spleen 

(14A) or liver (14B) from mice vaccinated with S-59/UVA treated (grown, with psoralen, 
then UVA treated) Listeria monocytogenes strains DF-lA029(AactA) or DIP-L4029 
AactAAuvrAB (lx, 3x, or 5x vaccination) and challenged with wild type Listeria 
monocytogenes thirty days after vaccination. 

[0043] Figure 15 shows the antibody titer of Listeria specific antibodies from serum 

of mice vaccinated with S-59/UVA treated (grown with psoralen, then UVA treated) 
Listeria monocytogenes strains DP-L4029(Jac^4) or AactAAuvrAB (Ix, 3?c, or 5x 
vaccination). 

[0044] Figure 16 shows the percent survival (10 days post challenge) of mice 

vaccinated with S-59/UVA treated (grown with psoralen, then UVA treated) Listeria 
monocytogenes strains DP-L4029(4ac£4) or AactAAuvrAB (lx, 3x, or 5x vaccination) and 
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challenged with 20 x LD50 or 100 x LD50 wild type Listeria monocytogenes thirty days 
after vaccination. 

[0045] Figure 17 shows the results of an ICS assay for spleen cells from mice 

vaccinated with S-59/UVA treated (grown with psoralen, then UVA treated) Listeria 
monocytogenes strains D?-IA029(AacL4)-OVA AH1A5 or AactAAuvrAB-OVA AH1A5, 
stimulated with antigens LL091, AH1, -AH1A5, or cells P815 orCT26 cells. 
[0046] Figure 1 8 shows the results of an ELISPOT assay showing plates with spot 

fonnijng colonies for spleen cells from mice vaccinated with S-59/UV.A treated (grown with_ 
psoralen, then UVA treated) Listeria monocytogenes strains DP-L402 9(AactA)-OVA 
AH1A5 or AactAAuvrAB-OVA AH1A5 P stimulated with AH1A5 (18A) or AH1 (18B) 
antigen. 

[0047] Figure 19 shows lungs from mice with established CTZ6 lung tumors given 

a therapeutic vaccination with S-59/UVA treated DP-L4029, with or without a A uvrAB 
mutation (19A). The number of lung metastases are plotted for each vaccine strain (19B). 
The swvival of the remaining mice is plotted in Figure 19C. 

[0048] Figure 20 shows mice with established CT26 tumors were given therapeutic 

vaccination with Listeria monocytogenes AactA, AactA AH1-A5, Aac /A AuvrAB AH1-A5 
and AactAAinlB AH1-A5. The AuvrAB strain was either no treatment-, heat-killed (HK) or 
S-59 UVA (PCT) treated The lungs harvested from a subset of the mice are shown in 
Figure 20 A, with the number of lung metastases in each group plotted in Figure 20B. 
Survival of the remaining mice is plotted in Figure 20C (parent strain) and 20D (AuvrAB 
strain). 

[0049] Figure 21 A shows fluorescent microscopy images of DC 2.4 cells infected 

by wild type Listeria monocytogenes uvrzAB mutant that has been S-59 TUVA treated, 
showing merged image (both Listeria and actin positive) and Rhodamine image (only actin 
positive). Figure 21B is a plot of the percentage of the Listeria monocytogenes that is in 
the cytoplasm for wild type and AuvrAB strains (live, heat-killed or S-59 UVA treated) 
compared to LLO". 

[0050] Figure 22 shows a negative image photomicrograph of Cram stained 

Listeria monocytogenes wild-type and AuvrAB strains that have been S-59/UVA treated. 
[0051] Figure 23 shows the target cell populations following injection into mice 

vaccinated with the indicated Listeria strains or vehicle control. The reduced levels of 
antigen-specific target cells relative to non-specific target cells indicates in vivo 
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cytotoxicity of T cells in response to the vaccination. Figure 23 A shows results for AH1- 
A5 expressing vaccines with, vaccination at days 0 (also 1 and 2 for S-59 UVA treated 
strains). (The top row in 23 A and 23B shows results for mice vaccinated with the indicated 
vaccines for AH1 target cells. The bottom row shows results fox mice vaccinated with the 
indicated vaccines for AH1-A5 target cells.) Figure 23B has a repeat vaccination at day 14- 
(15 and 16 for S-59 UVA treated) and Figure 23C looks at an OVA specific response. 
[0052] Figure 24 shows the attenuation of Bacillus anthracis Sterne strain with and 

without deletion of uvrAB. The log titer is plotted vs. nM concentration of psoralen S-59 
present during growth and UVA irradiation (6 J/cm 2 ). 

[0053] Figure 25 shows Listeria uvrABT are more susceptible to S-59AJVA light 

inactivation. Listeria were grown to mid-log phase, washed in PBS, incubated for 5 min 
with varying concentrations of S-59 and illuminated at 2.1 J/cm2 of UVA light The 
viability of Listeria was assessed by growth on BHI agar plates. (A) Representative Bffl 
agar plates of Listeria treated at 100 nM S-59. Heat-killed Listeria served as control; (B) 
Viability of Listeria treated at varying concentrations of S-59 to form colonies on BHI agar 
plates. 

[0054] Figure 26 shows that S-59/UVA treated, non-viable Listeria uvrAB retain 

their metabolic activity and the expression of their genomic repertoire. (A) Metabolic 
activity determined in a MTT assay of S-59/UVA inactivated Listeria urvAB. Live and 
heat-killed Listeria uvrAB served as control; (B) Quantification of the metabolic activity of 
inactivated Listeria uvrAB strain determined in a MTT assay. 

[0055] Figure 27 shows that fully inactivated Listeria uvrAB retain their capacity to 

infect DC and to escape from the phagolysosome. The murine DC line, DC2.4, grown on 
coverslips was infected at an MOI of 1 for 30 min at 37°C. Extracellular bacteria were 
carefully removed by several washes and infected cells were incubated for 5 hrs at 37°C in 
the presence of gentamicin to prevent growth of extracellular bacteria. DC2.4 cells were 
fixed with 3.5% formaldehyde and then stained with rabbit anti-Zjisteria antibody, detected 
with a goat-anti-rabbit FITC secondary antibody. Actin was detected with Phalloidin- 
rhodamine and the nucleus was visualized using DAPI. 

[0056] Figure 28 shows that fully inactivated Listeria uvrAB efficiently load 

antigen into the MHC class I pathway of murine bone marrow-derived DC (BM-DC). Day 
5 BM-DC were infected witti a MOI of 100 for 30 min at 37°C. Extracellular bacteria were 
removed by several washes. Infected BM-DC were co-incubated with B3Z overnight and 
activation was determined by hydrolysis of the chromogenic substrate CPRG (absorbance). 
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[0057] Figure 29 shows that Listeria infected human immature monocyte-derived 

DC upregulate activation (29A) and maturation markers (29B) as well as secrete pro- 
inflammatory cytokines (29C). DCs were infected with Listeria at different MOI for 1 
hour. Infected DCs were cultured for additional 24 hours in the presence of gentamicin to 
prevent the growth of extracellular bacteria. Phenotypic changes were determined by flow 
cytometry. Cytokine levels were determined from cell supernatants using the Cytometric 
bead array kit (Pharmingen). 

[0058] Figure 30 shows that S-59/UVA inactivated Listeria uvrAB OVA induce 

OVA-specific immunity in vivo. Female C57BL/6 mice were administered intravenously 
with 1x10 s CFU of S-59/UVA inactivated Listeria uvrAB OVA. The S-59/UVA 
inactivated parent Listeria strain and heat-killed listeria served as control. Seven days 
later, spleens were harvested and OVA-specific CD8+ T cell responses were assessed by 
- IRSPy ELISPOT. (A) Representative ELISPOT wells are shown; (B) OVA-specific 
immunity assessed by ELISPOT. Spleen cells of vaccinated mice were cultured with or 
without OVA25 7-264 peptide. 

[0059] Figure 3 1 shows the primary amiixo acid sequence of the heterologous 

antigen LLO-O VA/PR3 (SEQ ID NO:48). The figure also shows the OVA H-2 K b epitope 
(SEQ ID NO:49) and the PR3 HLA A-2 restricted class I epitope (a.k.a. PR1) (SEQ ID 
NO:50). 

[0060] Figure 32 shows the compound 4'-(4-amino-2-oxa)butyl-4,5\8- 

trimethylpsoralen (S-59). 



DETAILED DESCRIPTION OF THE INVENTION 



[0061] The present invention involves modified free-living microbes and the use of 

modified free-living microbes in vaccine compositions, wherein the nucleic acid of the 
microbe is modified so that proliferation of the mricrobe is attenuated. In some 
embodiments, th.e microbial gene expression is substantially unaffected by the 
modification. The present invention also involves the use of the modified microbes for 
antigen loading and induction of the activation/maturation of antigen presenting cells 
(APCs), in vitro or ex vivo. The antigen may be either an antigen produced naturally by th^ 
modified microbe, or may be a heterologous antigen expressed by a recombinant microbe. 
The resulting antigen presenting cells are suitable for use in vaccine compositions and for 
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immunotherapy. The immune response stimulated by administration of the resulting 
vaccine compositions may be a CD4 + or a CD8 + immune response. 
[0062] One such modified microbe is Listeria monocytogenes. The imrentors have 

engineered Listeria to be particularly sensitive to inactivation by psoralens, a group of 
compounds that form irreversible cross-links in the genomes of bacteria after illumination 
with ultraviolet A (UVA) light, so that they are non-viable. (See Example 3, below.) The 
attenuation of proliferation of wild-type and modified Listeria while maintaining 
expression of model antigens has now been shown (see Example 1-2 and 1 1, below). The 
modified Listeria is also shown to provide an anti-tumor response (Examples 4 and 14-16, 
below) and induce antigen-specific T-cell responses (Example 5) and in vivo cytotoxic 
responses (Example 20). Listeria is rapidly phagocytosed by DC and transported into the 
phagolysosomal compartment. This encounter results in the phenotypic maturation of the 
DC and subsequent secretion of a broad profile of immunostimulatory cytokines, including 
IFN-% IL-12, and TNF-a. The inventors have now demonstrated that infection of 
immature DC with recombinant Listeria results in rapid DC activation/maturation, together 
with MHC class I-restricted presentation of an encoded heterologous antigen. 
Additionally, degradation of Listeria vaccines within the phagolysosome results in 
presentation of encoded antigen via the MHC class II pathway. (See Examples, below) 
[0063] Another such modified microbe is Bacillus anthracis. The inveixtors have 

also engineered attenuated strain of Bacillus anthracis which are particularly sensitive to 
inactivation by psoralens (see Example 21, below). 

[0064] Accordingly, the invention provides a vaccine comprising a fiee-living 

microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proliferation. In some embodiments, the attenuation of the proliferation of 
the microbe is controllable in a dose-dependent maimer. In some embodiments, microbial 
gene expression in the microbe is substantially unaffected by attenuation of the 
proliferation of the microbe. In some embodiments, the microbe in the vaccine expresses 
an antigen at a sufficient level to induce an immune response to the antigen in an individual 
upon administration of the vaccine to the individual. In some embodiments, the nucleic 
acid has been modified by reaction with a nucleic acid targeted compound whicki reacts 
directly with the nucleic acid. In one embodiment, the nucleic acid target compound is an 
alkylator such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In 
other embodiments, the nucleic acid targeted compound is a psoralen compound (e.g., 4- 
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(4-amino-2^xa)butyM,5^8-trLtaethylpsoralen, also referred to herein as "S-59") activated 
by UVA irradiation. In some embodiments, the microbe in the vaccine comprises a genetic 
mutation that attenuates the ability of the microbe to repair its nucleic acid that has been 
modified. In some embodiments, the microbe is a bacterium, such as Bacillus anthracis or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine further 
comprises a phannaceutically acceptable carrier and/or an adjuvant The invention further 
provides a method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen comprising administering to the host 
an effective amount of the vaccine, wherein the microbe expresses the antigen. 
[0065] The invention also provides an isolated mutant Listeria strain, such as a 

mutant Listeria monocytogenes strain, comprising a genetic mutation that attenuates its- 
ability to repair its nucleic acid. In some embodiments, the mutant ListeHa strain is 
defective with respect to at least one DNA repajr enzyme (such as UvrA and/or UvrB). In 
some embodiments, the mutant Listeria strain comprises a genetic mutation in the uvrA 
gene and/or the uvrB gene. In some embodiments, the mutant strain is th.e Listeria 
monocytogenes AactA/AuvrAB strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA-5563. In other embodiments, the strain 
is a mutant of the Listeria monocytogenes AactA/AuvrAB strain deposited with the 
American Type Culture Collection (ATCC) and identified by accession number PTA-5563, 
wherein the mutant of the deposited strain is defective with respect to UvrA, UvrB, and 
ActA. The invention further provides vaccines and professional antigen-presenting cells 
comprising the mutant Listeria strain. Methods of using the modified Listeria strain to 
induce immune responses and to prevent or treat disease are also provided. 
[0066] The invention provides an isolated mutant Bacillus anthracis strain, 

comprising a genetic mutation that attenuates its ability to repair its nucleic acid. In some 
embodiments, the mutant strain is defective with respect to at least one DNA repair enzyme 
(such asUvrA and/or UvrB). In some embodiments, the mutant strain comprises a genetic 
mutation in the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is 
attenuated with respect to RecA. In some embodiments, the mutant strain comprises a 
genetic mutation in the recA gene. In some embodiments, the mutant strain comprises one 
or more mutations in the lef gene, cya gene, or both genes, that decreases the toxicity of the 
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strain.The invention further provides vaccines and professional antigen-presenting cells 
comprising the mutant strain. Methods of using the modified Bacillus anthracis strain to 
induce immune responses and to prevent or treat disease are also provided. 
[0067] In addition, the invention provides a professional antigen-presenting cell 

(e.g., a dendritic cell) comprising a free-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. In some 
embodiments, the attenuation of the proliferation of the microbe is controllable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by attenuation of the proliferation of the microbe. In some 
embodiments, the microbe in the vaccine expresses an antigen at a sufficient level to induce 
art immune response to the antigen in an individual upon administration of the vaccine to 
the individual. In some embodiments, the nucleic acid has been modified by reaction with 
a nucleic acid'targeted compound which reacts directly with the nucleic acid/ In one* ■ 
embodiment,the nucleic acid target compound is an alkylator such as P-alanine, N-(acridin- 
9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In other embodiments, the nucleic acid 
targeted compound is a psoralen compound activated by UVA irradiation. In some 
embodiments, the microbe in the vaccine comprises a genetic mutation that attenuates the 
ability of the microbe to repair its nucleic acid that has been modified. In some 
embodiments, the microbe is a bacterium* In some embodiments, the microbe comprises a 
heterologous nucleic acid sequence encoding an antigen. The invention also provides a 
vaccine comprising the antigen-presenting cell. The invention further provides a method of 
preventing or treating a disease in a host, comprising administering to the host an effective 
amount of the antigen-presenting cell. Tlae invention also provides a method of inducing 
an immune response in a host to an antigen comprising administering to the host an 
effective amount of the antigen-presenting cell, wherein the microbe expresses the antigen. 
Th.e invention further provides a method of activating naive T cells ex vivo or in vitro, 
comprising contacting the naive T cells with the professional antigen-presenting cell under 
suitable conditions and for a sufficient time to activate the naive T-cells. 
[0 068] The invention provides a method of loading professional antigen-presenting 

cells with an antigen comprising contacting the professional antigen-presenting cells with a 
free-living microbe that comprises a nucleic acid sequence encoding the antigen, under 
suitable conditions and for a sufficient time to load the professional antigen-presenting 
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cells, wherein the nucleic acid of the microbe is modified so that the microbe is attenuated 
for proliferation. 

[0069] The invention also provides a method of activating and/or maturing 

professional antigen-presenting cells comprising contacting the professional antigen- 
presenting cells witti a free-living microbe that comprises a nucleic acid sequence encoding 
an antigen, under suitable conditions and for a sufficient time to load the professional 
antigen-presenting cells, wherein the nucleic acid of the microbe is modified so that the 
microbe is attenuated for proliferation. 

[0070] The invention further provides a method of preventing or treating a disease 

in a host, comprising the following steps, (a) loading professional antigen-presenting cells 
with an antigen by contacting the cells with a free-living microbe that comprises a nucleic 
acid sequence encoding an antigen, wherein the nucleic acid of the microbe is modified so 
that the microbe is attenuated for proliferatioi£~and (b) administering an effective amount 
of a composition comprising the loaded professional antigen-presenting cells to the lxost 
[0071] The invention also provides a method of loading antigen-presenting cells, 

such as dendritic cells, with an antigen, comprising contacting the cells in vitro or ex vivo 
with a modified microbe expressing the antigen, under suitable conditions and for a time 
sufficient to load the antigen-presenting cells. 

[0072] The invention provides a method of activating and/or maturing antigen- 

presenting cells comprising contacting the antigen-presenting cells in vitro or ex vivo with a 
modified microbe under suitable conditions and for a time sufficient to effect activation 
and/or maturation of the dendritic cells and/or to allow the antigen-presenting cells to 
mature. 

[0073] The invention provides a method of inducing an immune response to an 

antigen, comprising administering to the host axi effective amount of an immunogenic 
composition comprising an antigen presenting cell presenting the antigen, wherein th_e 
antigen-presenting cell comprises a modified microbe. 

[0074] In addition, the invention provides a method of inducing an immune 

response to an antigen, comprising the following steps: (a) contacting antigen-presenting 
cells in vitro or ex vivo with Listeria expressing the antigen under suitable conditions and 
for a time sufficient to load the antigen-presenting cells with the antigen and to effect 
activation and/or maturation of the antigen-presenting cells; and (b) administering am 
effective amount of the antigen-presenting cells to the host In one embodiment, 
proliferation of the microbe is attenuated. 
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[00751 The invention also provides an ex vivo or in vitro professional antigen- 

preseating cell comprising a modified microbe, wherein proliferation of the microbe is 
attenuated. 

[0076] Additionally, the invention provides a vaccine comprising an antigen- 

presenting cell, wherein the antigen-presenting cell comprises a modified microbe and a 
pharmaceutical composition comprising a antigen-presenting cell and a pharmaceutical^ 
acceptable carrier, wherein the antigen-presenting cell comprises Listeria. 

Microbe-Based Vaccines 
[0077] The present invention involves modified free-living microbes and the use of 

modified free-living microbes in a vaccine composition, wherein the nucleic acid of the 
microbe is modified so that proliferation of the microbe is attenuated, bn some 
embod&nents, ; the microbial gene expression is substantially unaffected "by the 
modification. 

[0078] It has been observed that killed microbial vaccines are often inferior to live 

attenuated microbial vaccines [Lauvau et al., Science 294:1 735-1739 (2O01)]. In 
completely killed microbes, the de novo microbial gene expression is essentially 
eliminated. Therefore, the modification of the microbial nucleic acid to an appropriate 
level such that proliferation is attenuated while maintaining a sufficient level of microbial 
gene expression may be more effective than a killed microbial vaccine aaid provides an 
approach to vaccine preparation that can be applied to any microbial veotor, whether the 
vaccine targets the prevention of infectious disease caused by the microbial vector, or the 
vector is used to deliver a heterologous antigen. It is to be understood tlxat the use of the 
term microbes as it relates to all embodiments of the present invention is intended to mean 
free-living microbes and is not intended to include viruses. Such a microbe-based vaccine 
may be used to deliver a specific antigen to an. individual. In one embodiment, the vaccine 
delivers more than one antigen. Such vaccines are designed to stimulate an immune 
response to one or more antigens, resulting in an individual who is immunized against the 
antigen or antigens. The immune response that is generated can be either an antibody 
mediated response, a cell mediated response, or both. The term vaccine is intended to 
encompass a preventative vaccine, i.e. one that is given to stimulate an immune response so 
that if the individual subsequently is exposed to the antigen in nature, the pre~formed 
immune response will increase the individual's ability to fight off the age:nt or cells carrying 
the antigen. The term vaccine is also intended, to encompass a therapeutic vaccine, i.e. one 
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that is given to an individual who already has a disease associated with the vaccine antigen-, 
wherein the vaccine can elicit an immune response or boost the individual's existing 
immune response to the antigen to provide an increased ability to fight the agent or cells 
carrying the antigen. This includes an immune response to a diseased cell, such as a cancer- 
cell, as well as an immune response to a disease associated protein such as a prion. In one 
embodiment, the free-living microbe is selected from the group consisting of bacteria, 
protozoa, and fungi. In one embodiment, the free-living microbe is a bacteria selected from 
the group consisting of Gram positive bacteria, Gram negative bacteria, intracellular 
bacteria and mycobacteria. 

The present invention includes various levels of modification of tfcie nucleic acid of 
microbes. It is understood that the metabolism of the microbial nucleic acid occurs in 
several ways. Replication of the microbe involves the copying of the DNA of the entire 
microbial genome in order to replicate the microbe and the subsequent partitioning of the 
DNA molecules into separate cells, i.e. the cell divides with the resulting cells both having 
a complete copy of the DNA of the microbial genome. Microbial nucleic acid metabolism 
also involves the combination of transcription of DNA into RNA and translation of RNA to 
produce proteins. The transcription of the microbial genome involves the copying of 
portions of the DNA of the microbial genome into RNA, either messenger or transfer RNA_ 
The translation of the messenger RNA involves the reading of this RNA in order to 
produce a specific protein or portion of a protein. In the present invention the nucleic acid 
of a population of microbes is modified to a desired extent based upon the nature of the 
microbe and its intended use. In some embodiments, the desired extent of modification is 
such that replication of the microbe's genome is significantly attenuated while the 
production of proteins remains sufficiently active (i.e. the microbe is metabolically active). 
It is to be understood that whatever the nature of the modification,, the level of modification, 
can be represented in terms of the number of modifications on average per base pair of the 
microbial genome. For example, if the modification is due to covalent binding of a 
compound to the nucleic acid (adducts), the modification can be represented in terms of the 
average number of base pairs between adducts. The microbes of the invention can be 
modified to levels of about 1 modification per 10 4 -10 8 base pairs, also about 1 modification 
per 10 4 -10 7 , also about 1 modification per 10 s - 10 7 , or about 1 modification per 10 5 -10 6 base 
pairs. In one embodiment, the level of modification is adjusted to the minimum amount 
required to block DNA replication in the microbial population, such that the population 
shows no observable proliferation, while maintaining sufficient aotivity of transcription an<L 
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translation of individual genes (i.e. maintains some metabolic activity) to achieve a safe 
and effective vaccine. 

[0079] In one aspect, the invention provides a vaccine comprising a free-living 

microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proliferation. In some embodiments, the attenuation of the proliferation or 
the microbe is controllable in a dose-dependent manner. In some embodiments, microbial 
gene expression in tlxe microbe is substantially unaffected by attenuation of the 
proliferation of the microbe. In some embodiments, the microbe in the vaccine expresses, 
an antigen at a sufficient level to induce an immune response to the antigen in an individual 
upon administration of the vaccine to the individual. In some embodiments, the nucleic 
acid has been modified by reaction with a nucleic acid taxgeted compound which reacts 
directly with the nucleic acid. In one embodiment, the nucleic acid target compound is an 
alkylator such as P-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In 
other embodiments, the nucleic acid targeted compound is a psoralen compound (e.g., 4'- 
(4-amino-2-oxa)butyl^,5\8-trimethylpsoralen, also referred to herein as "S-59") activated 
by UVA irradiation. In some embodiments, the microbe in the vaccine comprises a genetic 
mutation that attenuates the ability of the microbe to repair its nucleic acid that has been 
modified. In some embodiments, the microbe is a bacterium, such as Bacillus anthracis or 
Listeria monocytogenes. In some embodiments, the microbe comprises a heterologous 
nucleic acid sequence encoding an antigen. In some embodiments, the vaccine further 
comprises a pharmaceutical^ acceptable carrier and/or an adjuvant. The invention further 
provides a method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine. The invention also provides a method of 
inducing an immune response in a host to an antigen comprising administering to the host 
an effective amount of the vaccine, wherein the microbe expresses the antigen. 
[0080] The invention further provides vaccines comprising a mutant Listeria 

monocytogenes strain or a mutant Bacillus anthracis strain, wherein the mutant Listeria 
monocytogenes strain ox Bacillus anthracis strain comprises a genetic mutation that 
attenuates its ability to repair its nucleic acid. 

Antigen-presenting cell vaccines. 
[0081] The present invention involves modified firee-living microbes and the use of 

modified free-living microbes in the preparation of vaccine compositions based on antigen- 
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presenting cells, wherein the nucleic acid of the microbe is modified so that proliferation of 
the microbe is attenuated In some embodiments, the microbial gene expression of the 
modified microbe is substantially unaffected. 

[O082J In one embodiment of the invention, the antigen-presenting cells used in the 

vaccines are professional antigen presenting cells. Professional antigen-presenting cells 
include macrophages, dendritic cells and B cells. Other professional antigen-presenting 
cells include monocytes, marginal zone KLxipffer cells, microglia, Langerhans' cells, 
interdigitating dendritic cells, follicular dendritic cells, and T cells. In oixe embodiment, the 
professional antigen-presenting cells are dendritic cells. In another embodiment, the 
professional antigen-presenting cells are macrophages or dendritic cells (DCs). In one 
embodiment the antigen-presenting cells are human cells. 

[0O83] In one embodiment, immature antigen-presenting cells, such as DCs, are 

isolated from a" patient and infected with a modified microbe expressing aJi antigen. The - 
resulting, loaded, antigen-presenting cells are then transferred back into tfcie patient as an 
autologous APC vaccine, thereby inducing either a CD44* or a CD8+ imnxune response. 
[0O84] Accordingly, one example of a method of preparing and using an antigen- 

presenting cell vaccine of the invention is as follows: Immature DCs are isolated from 
colon cancer patients and infected with S-59/UVA-inactivated, non-viable, metabolically 
active recombinant Listeria-CEA vaccines, DC Infection with Listeria results in efficient 
loading of CEA tumor antigen into the MHC class I and II pathways. Listeria infection 
stimulates DC to undergo rapid activation and maturation, critical for DC to become potent 
APCs capable of inducing primary T cell responses in vivo. Mature DC upregulate the 
expression of CD83, co-stimulatory molecviles such as CD80, CD86, as well as MHC 
molecules. Listeria vaccine-loaded DCs are washed and infused back into the patient as an 
autologous DC vaccine to stimulate a CEA-specific T cell response. 
[0085] Particular embodiments are exemplified in the specific Examples listed 

below. It is understood, however, that the general methods and techniques described herein 
may be more broadly applied to a wide variety of modified microbes, antigens, and 
diseases. One of ordinary skill in the art will be able to readily adapt the teachings 
described herein. 

[0086] In an alternative embodiment, immature antigen-presenting cells, such as 

DCs, are infected in vitro with a modified microbe expressing an antigen. The resulting, 
loaded, antigen-presenting cells are then used to prime a T-cell population >vhich is then 
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transferred into the patient, thereby inducing either a CD4+ or a CD8+ immune response to 
the antigen. 

[0087] In another aspect, the invention provides a professional antigen-presenting 

cell (e.g., a dendritic cell) comprising a free-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. In some 
embodiments, the attenuation of the proliferation of the microbe is controllable in a dose- 
dependent manner. In some embodiments, microbial gene expression in the microbe is 
substantially unaffected by attenuation of the proliferation of the microbe. In some 
embodiments, the microbe in the vaccine expresses an antigen at a sufficient level to induce 
an immune response to the antigen in an individual upon administration of the vaccine to 
the individual. In some embodiments, the nucleic acid has been modified by reaction with 
a nucleic acid targeted compound which reacts directly with the ixucleic acid. In one 
embodiment,the nucleic acid target compound is an alkylator sucht as P-alanine, N-(acridin- 
9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In other embodiments, the nucleic acid 
targeted compound is a psoralen compound activated by UVA irradiation. In some 
embodiments, the microbe ixi the vaccine comprises a genetic mutation that attenuates the 
ability of the microbe to repair its nucleic acid that has been modified. In some 
embodiments, the microbe is a bacterium. In some embodiments, the microbe comprises a 
heterologous nucleic acid sequence encoding an antigen. The invention also provides a 
vaccine comprising the antigen-presenting cell. The invention further provides a method of 
preventing or treating a disease in a host, comprising administering to the host an effective 
amount of the antigen-presenting cell. The invention also provides a method of inducing 
an immune response in a host to an antigen comprising administering to the host an 
effective amount of the antigen-presenting cell, wherein the microbe expresses the antigen. 
The invention further provides a method of activating naive T cells ex vivo or in vitro, 
comprising contacting the naive T cells with the professional antigen-presenting cell under 
suitable conditions and for a sufficient time to activate the naive T-cells. 

Attenuation of microbial replication. 
[0088] The present invention involves the modification of microbial nucleic acid in 

order to attenuate replication of the microbe. This attenuation in replication can be used to 
increase the level of safety iapon administration of the microbes to individuals. The ability 
of a microbe to proliferate can be measured by culturing a population of microbes under 
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conditions that provide noimal growth. The normal growth of a population of microbes is 
considered to be the growth of microbes having no modifications to the nucleic acid of the 
microbe. The modification of the microbial genome will result in some attenuation so that 
the microbe will not undergo normal growth. Some microbe? s will form colonies that can 
be counted on solidified growth medium. Attenuation of the replication of the microbe can 
thus be measured as a reduction in the number of colony forming units (CFU). A stock 
solution of the microbe colony will be serially diluted until tfcie number of colony forming 
units can be easily measured (e.g. 50-500 CFU). Typically, dilutions are 10-fold and the 
number of colonies counted for one or more of the diluted samples is used to estimate the 
log titer of the sample. For example, an aliquot of diluted microbe stock is plated on 
growth media and the resulting colonies are counted. The colony forming units per mL 
(CFU/mL) of the dilution is calculated, and the colony forming units per mL of the original 
stock (known as the titer) is calculated from the dilution: The log number is known as the 
log titer. As an example, 24 colony forming units on plating a 0.2 mL aliquot of a 1 xlO 5 
dilution gives a 1.2 x 10 7 titer, or 7.08 log titer stock. The attenuation can be measured as 
the comparison of microbial titer prior to modification of the microbial nucleic acid to that 
after modification of the microbial nucleic acid. The log of tJie ratio of the titer of 
unmodified microbe to the titer of microbe after modificatioix represents the log attenuation 
(or simply the difference in log titer of the two). For example, if an unmodified microbe 
titer measures 1.2xl0 7 and a modified microbe titer measures 4.3xl0 2 , the resulting level of 
attenuation is 4.45 log. This method can be used to assess the attenuation of any microbe, 
whether pathogenic or norL-pathogenic. For some microbes, rather than measuring the 
growth of the microbe directly, a plaque assay that measures the microbe by its ability to 
kill infected cells can be used. For example, certain intracellular bacteria can be grown on 
a lawn of mammalian cells that it can infect After appropriate incubation conditions, the 
lawn can be observed for plaques (clear areas in the cell layer that represent killed cells). 
The above calculations are similar, where the number of plaque forming units is substituted 
for colony forming units to assess attenuation of the number of plaque forming units by 
modification of the nucleic acid of the microbe. For embodiments of the invention, the 
desired amount of attenuation can range from a two-fold reduction to much greater levels 
of attenuation, including a level where essentially no proliferation is observed, depending 
on the desired level of safety and the intended application of the microbe. A two-fold 
attenuation in replication would be observed if for a given dilnution, there are half as many 
colonies (or plaques) in the population of a microbe where the nucleic acid is modified as 
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there are in an unmodified population of the microbe (about 0.3 log attenuation). In some 
embodiments, the attenuation is at least about 0.3 log, about 1 log, about 2 log, about 3 log, 
about 4 log about 5 log, about 6 log, or at least about 8 log. In some embodiments, the 
attenuation is in the range of about 0.3 to > 10 log, about 2 to >10 log; about 4 to >10 log, 
about 6 to > 10 log, about 0.3-8 log, also about 0.3-7 log, also about 0.3-6 log, also about 
0.3-5 log, also about 0.3-4 log, also about 0.3-3 log, also about 0.3-2 log, also about 0.3-1 
log. In some embodiments, the .attenuation is in the range of about 1 to >10 log, 1-8 log, 1- 
6 log, also about 2-6 log, also about 2-5 log, also about 3-5 log. In one embodiment of the 
invention, the attenuation results in essentially complete inactivation (e.g. where no 
colonies or plaques are observed to the limit of detection), wherein the microbial gene 
expression is sufficiently active. Such a population of microbes can be achieved by 
titrating the concentration of the agent used to modify the microbial nucleic acid to find the 
lowest concentration? at which no colonies or plaques-are observed at the limit-of detection. 
[0089] In the case of pathogenic microbes, it is also possible to assess the 

attenuation in terms of biological effects of the microbe. For example, the pathogenicity of 
a microbe can be assessed by measurement of the median lethality (LD50) in mice ox other 
vertebrates. The LD50 is the amount (e.g. CFU) of microbe injected into the vertebrate that 
would result in the death of half of the population of the vertebrate. The LD 50 values can 
be compared for modified and unmodified microbes as a measure of the amount of 
attenuation. For example, if an unmodified population of microbes has an LD50 of 10 3 
microbes and the population of microbes in which the nucleic acid has been modified has 
an LD50 of 10 5 microbes, the microbe has been attenuated so that its LD 50 is increased 100- 
fold, or by 2 log. In some embodiments, the LD50 is 2-fold to 1000-fold higher. In some 
embodiments, an attenuated strain is used that already has a relatively high LD50. In such 
cases, the modified microbes increase in LD50 will be limited by how much material can be 
infused without causing harm. For example, the LD50 of a heat killed organism would not 
be much higher than about 1-5 x 10 9 simply because of the loading of biological material 
into the mice and/or the inflammatory reaction to the bacterial wall components. Thie 
degree of attenuation may also be measured qualitatively by other biological effects such 
as the extent of tissue pathology or serum liver enzyme levels. Typically, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), albumin, and billirubin levels 
in the serum are determined at a clinical laboratory for mice injected with microbes of the 
present invention. Comparisons of these effects in mice or other vertebrates would l>e 
made for unmodified and modified micnvbe as a way to assess the attenuation of the 
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microbe. In addition to measuring the effects of the microbes on the tissues, the amount of 
viable microbe that can be recovered from infected tissues such as liver or spleen as a 
function of time could also be used as a measure of attenuation by comparing these values 
in mice injected with unmodified vs. modified microbes. 

Expression of proteins by microbes of the invention., 
[0090] The modification of the nucleic acid of the microbe, in addition to 

attenuating proliferation of the microbe, is controlled so that microbial gene expression is 
substantially unaffected. To be substantially unaffected, the microbial gene expression 
need not be completely active upon modification of the nucleic acid. It is only necessary 
that in a population of a microbe in which the nucleic acid is modified to attenuate 
replication, microbial gene expression is sufficiently active to provide an adequate level of 
expression of the desired protein by the microbe. An adequate level of expression depends 
to some extent on the intended use of the microbe. For example, if the microbe- contains a 
particular antigen that is to be used as a vaccine, adequate expression would be determined 
as the minimum level of expression that provides an effective protective or therapeutic 
immune response to the vaccine. The microbial gene expression can also be assessed by 
both in vitro and in vivo methods in order to assess whether such a vaccine might provide 
an effective immune response. In general, a population of a microbe in wliich the nucleic 
acid has been modified can be compared to an unmodified population of tlxe microbe with 
respect to a particular antigen. 

[0091] One possibility is to measure the presentation of the antigen, of interest by an 

antigen presenting cell that has been mixed with a population of the microbe. The 
microbes may be mixed with a suitable antigen presenting cell or cell line, for example a 
dendritic cell, and the antigen presentation, by the dendritic cell to a T cell that recognizes 
the antigen can be measured. If the microfces are expressing the antigen at a sufficient 
level, it will be processed into peptide fragments by the dendritic cells and presented in the 
context of MHC class I or class II to CD 8-*- or CD4+ T cells, respectively. For the purpose 
of detecting the presented antigen, a T cell clone or T cell line responsive to the particular 
antigen may be used. The T cell may also be a T cell hybridoma, where tlxe T cell is 
immortalized by fusion with a cancer cell line. Such T cell hybridomas, T cell clones, or T 
cell lines can comprise either CD8+ or CD4+ T cells. The antigen presenting cell can 
present to either CD8+ or CD4+ T cells, depending on the pathway by which the antigens 
are processed. CD8+ T cells recognize antigens in the context of MHC class I while CD4+ 
T cells recognize antigens in the context of MHC class EL The T cell will "be stimulated by 
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the presented antigen through specific recognition by its T cell receptor, resulting in the 
production of certain proteins, such as IL-2 or interferon-y (DFN-y), that can be 
quantitatively measured (for example using an ELIS A assay). Alternatively, a hybridoma 
can be designed to include a reporter gene, such as p-galactosidase, float is activated upon 
stinmlation of the T cell hybridoma by ttie presented antigens. The increase in the 
production of P-galactosidase can be readily measured by its activity- on a substrate, such 
as ctdorophenolred-P-D-galactopyranoside, which results in a color clhange. The color 
charLge can be directly measured as an indicator of specific antigen presentation (Examples 
1, 2 and 11). Additional in vitro and in \>ivo methods for assessing the antigen expression 
of microbial vaccines of the present invention can be found in Example 5. It is also 
possible to directly measure the expression of a particular protein by microbes of the 
present invention. For example, a radioactively labeled amino acid can be added to a cell 
population and the amount of radioactivity incorporated into a particular protein can be 
determined. The proteins synthesized by the cell population can be isolated, for example 
by gel electrophoresis or capillary electrophoresis, identified as the protein of interest, e.g. 
by binding with an antibody-specific for the protein, and the amount of radioactivity can be 
quantitatively measured to assess the expression level of the particular protein. 
Alternatively, the proteins can be expressed without radioactivity and detected by various 
methods, such as an ELIS A assay or by gel electrophoresis and Western blot with detection 
using an enzyme linked antibody or fluorescently labeled antibody 
[0092] While it is possible that th.e modification of the microbial nucleic acid 

reduces the level of protein expression as compared to an unmodified microbe, it is to be 
understood that this may still provide an effective vaccine. It is the combination of 
attenuation of proliferation with adequate protein expression that is important in some 
embodiments of the invention. The efficacy of a vaccine is generally orelated to the dose of 
antigen that can be delivered by the microbe, and in some instances, some level of active 
gene expression by the microbe is necessary. The attenuation of replication of the microbe 
may "be several log while the microbial gene expression is still sufficiently maintained. If 
the same dose of an attenuated microbe is compared to that of an unnxodified microbe, the 
resulting antigen expression (as assessed by the methods discussed above) in the attenuated 
microbe population is at least about 1%, about 5%, about 10%, about 25%, about 50%, 
about 75% or at least about 90% of the antigen expression in the unmodified microbe 
population. Since there may be several log attenuation in replication, the dose of the 
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modified microbe may be safely increased by up to several log, resulting in an equivalent 
or greater amount of the antigen presented by the attenuated microbes relative to 
unmodified microbes upon vaccination. 

[0093] In some embodiments, a heterologous nucleic acid sequence encoding a 

protein may be codon-optimized to match the codon preference of the bacterial host 
expressing the protein* In addition, the sequence encoding a signal peptide fused to the 
expressed protein may also be codon-optimized to match thie codon preference of the 
bacterial host In preferred embodiments, the bacterial host is Listeria and either or both of 
the heterologous protein encoding sequence and the sequen.ce encoding a signal peptide 
may be codon-optimized. For further information on codon optimization of antigens and 
signal sequences in Listeria, see U.S. application Serial No _ 60/532,598, incorporated by ' 
reference herein. 

Microbial nucleic acid modification. 
[0094] The nucleic acid of a population of a microb e can be modified by a variety- 

of methods. The nucleic acid of the microbe can be modified by physical means, e.g. 
irradiation with ultraviolet light or ionizing radiation. Ionizing radiation, such as x-rays or 
y-rays, may be used to cause single-strand or double-strand breaks in the nucleic acid. 
Ultraviolet radiation may be used to cause pyrimidine dimears in the nucleic acid. The 
appropriate dose of radiation is determined by assessing the* effects of the radiation on 
replication and protein expression as detailed above. 

[0095] The nucleic acid of the microbe can also be modified by chemical means, 

e.g. by reaction with a nucleic acid targeted compound. In one embodiment, the microbe is 
treated with a nucleic acid targeted compound that can modify the nucleic acid such that 
the proliferation of the microbe is attenuated, wherein the microbial population is still able 
to express a desired protein antigen to a degree sufficient to elicit an immune response. 
The nucleic acid targeted compound is not limited to a particular mechanism of modifying 
the nucleic acid. Such compounds modify the nucleic acid either by reacting directly witla 
the nucleic acid (i.e. all or some portion of the compound covalently binds to the nucleic 
acid), or by indirectly causing the modification of the nucleic acid (e.g. by causing oxygen 
damage via generation of singlet oxygen or oxygen radicals-, by generating radicals of the 
compound that cause damage, or by other mechanisms of reduction or oxidation of the 
nucleic acid), Enediynes axe an example of a class of compounds that form radical species 
that result in the cleavage of DNA double strands [Nicolaou. et al., Proc. Nad. Acad. Sci. 
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USA, 90:5881-5888 (1993)]. Compounds that react directly with the nucleic acid may 
react upon activation of the compound, for example upon radiation of the compound. 
Compounds that react indirectly to cause modification of the nucleic acid may require 
similar activation to generate either an activated species of the compound or to generate 
some other active species. While not being limited to the means for activation of nucleic 
acid targeted compounds, one embodiment of the invention includes the use of 
photoactivated compounds that either react directly with the nucleic acid or that generate a 
reactive species such as a reactive oxygen species (e.g. singlet oxygen) which then reacts 
with the nucleic acid. 

[0096] The nucleic acid targeted compounds preferentially modify nucleic acids 

without significantly modifying other components of a biological sample. Such 
compounds provide adequate modification of the nucleic acid without significantly altering 
ordamaging cell membranes, proteins, and lipids. Such compounds may modify these 
other cell components to some degree that is not significant These cell components such 
as cell membranes, proteins and lipids are not significantly altered if their biological 
function is sufficiently maintained. In the case of treating a microbe with a nucleic acid 
targeted compound, the nucleic acid modification is such that the replication- of the microbe 
is attenuated while the cell membranes, proteins and lipids of the microbe are essentially 
unaffected such that microbial gene expression, is active (e.g. the enzymes required for this 
are not significantly affected), and the surface of the microbe maintains essentially the 
same antigenicity as a microbe that has not been treated with the compound. As a result, 
such compounds are useful in preparing an inactivated microbe for use as a vaccine since 
the proliferation of the microbe is sufficiently attenuated while maintaining sufficient 
antigenicity or immunogenicity to be useful as a vaccine. Because the compounds 
specifically modify nucleic acids, the modification can be controlled to a desired level so 
that replication is attenuated while maintaining a sufficient level of protein expression. The 
modification can be controlled by varying the parameters of the reaction, such as 
compound concentration, reaction media, controlling compound activation factors such as 
light dose or pH, or controlling compounds that cause oxygen damage by controlling the 
oxygen concentration (either physically, e.g. by degassing, or chemically, by xise of oxygen 
scavengers). A nucleic acid targeted compound is any compound that has a tendency to 
preferentially bind nucleic acid, i.e. has a measurable affinity for nucleic acid. Such 
compounds have a stronger affinity for nucleic acids than for most other components of a 
biological sample, especially components such as proteins, enzymes, lipids aad 
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membranes. The nucleic acid targeting provides specificity for the modification of ancleic 
acids without significantly affecting other components of the biological sample, such- as the 
machinery for gene transcription and protein transla-tion. 
[0097] Compounds can be targeted to nucleic acids in a number of modes. 

Compounds which bind by any of the following modes or combinations of them are 
considered nucleic acid targeted compounds. Intercalation, minor groove binding, major 
groove binding, electrostatic binding (e.g. phosphate backbone binding), and sequence- 
specific binding (via sequence recognition in the maj or or minor groove) are all non- 
covalent modes of binding to nucleic acids. Compounds that include one or more of these 
modes of binding will have a high affinity for nucleic acids. While the invention is not 
limited to the following compounds, some examples of compounds having these modes of 
binding to nucleic acid are as follows: intercalators aire exemplified by acridines, acriiones, 
proflavin, acriflavme,-actmomycins, anthracyclinones, beta-rhodomycin A, daunamycin, 
thiaxanthenones, miracil D, anthramycin, mitomycin^ echinomycin, quinomycin, triostin, 
diacridines, ellipticene (including dimers, trimers and analogs), norphilin A, fluorenes ^nd 
flourenones, fluorenodiamines, quinacrine, benzacriddnes, phenazines, phenanthradines, 
phenothiazines, chlorpromazine, phenoxazines, benzothiazoles, xanthenes and thio- 
xanthenes, anthraquinones, anthrapyrazoles, benzothiopyranoindoles, 3,4-ben2pyrene, 
benzopyrene diol epoxidie, 1-pyrenyloxirane, benzanthracene-5,6-oxide, benzodipyron.es, 
benzothiazoles, quinolones, chloroquine, quinine, phe:nylquinoline carboxamides, 
furocoumarins (e.g. psoralens, isopsoralens, and sulfiur analogs thereof), ethidium salts, 
propidium, coralyne, ellipticine cation and derivatives ^ polycyclic hydrocarbons and their 
oxirane derivatives, and echinimycin; minor groove bLnders are exemplified by distanaycin, 
mitomycin, netropsin, other lexitropsins, Hoechst 33258 and other Hoechst dyes, DAPI 
(4\6'-diamidine-2-'pheiiylindole), berenil, and triarylmethane dyes; major groove binders 
are exemplified by aflatoxins; electrostatic binders are exemplified by spermine, 
spermidine, and other polyamines; and sequence-spectfic binders are exemplified by 
nucleic acids or analogues which bind by such sequence-specific interactions as triple helix 
formation, D-loop formation, and direct base pairing to single stranded targets. Other 
sequence-specific binding compounds include poly pyrrole compounds, poly pyrrrole 
imidazole compounds, cyclopropylpyrroloindole compounds and related minor groove 
binding compounds [Wemmer, Nature Structural Biolo gy, 5(3): 169-171 (1998), Wurtz &t 
al., Chemistry & Biology 7(3): 153-161 (2000), Anthon^y et al., Am. J. Phannacogenomics 
1(1):67-81 (2001)]. 
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[0098] In addition to targeting nucleic acids, the compounds are also able to react 

with the nucleic acid, resulting in covalent binding to the nucleic acid. Nucleic acid 
alkylators are a class of compounds that can. react covalently with nucleic acid and include, 
but are not limited to, mustards (e.g. mono or bis haloethylamine groups, and mono 
haloethylsulfide groups), mustard equivalents (e.g. epoxides, alpha-halo ketones) and 
mustard intermediates (e.g. aziridines, aziritfiniums and their sulfur analogs), 
methanesulphonate esters, and nitroso ureas - The nucleic acid alkylators typically react 
with a nucleophilic group on the nucleic acid. It is the combination of the nucleic acid 
alkylating activity and the nucleic acid targeting ability of these compounds that gives them 
the ability to covalently react specifically with nucleic acids, providing the desired 
modification of the nucleic acid of microbes for use in the present invention. The 
specificity of these compounds may be further enhanced by the use of a quencher that will 
not enter themicrobe. - Such a quencher will quench reactions with the surface o£~the 
microbe while still allowing the nucleic acid targeted compounds to react with the 
microbial nucleic acid. A discussion of such quenching can be found in US Patent number 
6,270,952, the disclosure of which is hereby^ incorporated by reference. The modification 
of the microbial nucleic acid can be controlled by adjusting the compound concentration 
and reaction conditions. The appropriate concentration and reaction conditions are 
determined by assessing their effects on replication and protein expression as detailed 
above. The compounds used in the present invention are effective at concentrations of 
about 10 pM to 10 mM, also about 100 pM to 1 mM, also about 1 nM to 10 \M 9 also about 
1-500 nM, also about 1-200 nM or about 1-100 nM. A discussion of nucleic acid targeted, 
nucleic acid reactive compounds for specific reaction with nucleic acids, in particular 
microbial nucleic acids, can be found in US patents 6,143,490 and 6,093,725, the 
disclosures of which are hereby incorporated by reference. 

[0099] The nucleic acid can be modified by using a nucleic acid targeted compound 

that requires activation with radiation in order to cause the nucleic acid modification. Such 
compounds are targeted to nucleic acids as discussed above. These compounds include, 
but are not limited to, acridines, acridones, anthyrl derivatives, alloxazines (e.g. riboflavin), 
benzotriazole derivatives, planar aromatic diazo derivatives, planar aromatic cyan_o 
derivatives, toluidines, flavines, phenothiazLnes (e.g. methylene blue), furocoumarins, 
angelicins, psoralens, sulfur analogs of psoralens, quinolones, quinolines, quinoxalines, 
napthyridines, fluoroquinolones, anthraquinones, and anthracenes. Many of these* 
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compounds are used as DNA photocleavage agents [Da Ros et al., Current Pharmaceutical 
Design 7:1781 (2001)]. While the invention is not limited to the method of activation of 
the nucleic acid targeted compounds, typically, the compounds cxan be activated with light 
of particular wavelengths. The effective wavelength of light dej> ends on the nature of the 
compound and can range anywhere from approximately 200 to 1 200 nm. For some of 
these compounds, activation causes modification of the nucleic a.cid without direct binding 
of the compound to the nucleic acid, for example by generating reactive oxygen species in 
the vicinity of the nucleic acid. For some of these compounds, acptivation results in binding 
of the compound directly to the nucleic acid (i.e. the compound l>inds covalently). Some of 
these compounds can react with the nucleic acid to form an interstrand crosslink. Psoralens 
are an example of a class of compounds that crosslink nucleic acids. These compounds are 
typically activated with UVA light (320-400 nm). Psoralen compounds for use in the 
present invention are exemplified in. US patents 6,133,460 and 5,593,823-, the disclosures of 
which are hereby incorporated by reference. Again, it is the combination of nucleic acid 
targeting and the ability to modify the nucleic acid upon activation that provide specific 
reactivity with nucleic acids. The modification of the microbial nucleic acid can be 
controlled by adjusting the compound concentration, reaction cori_ditions and light dose. 
The appropriate concentration and light dose are determined by assessing their effects on 
replication and protein expression as detailed above. In addition to compound 
concentration and level of light exposure, the reaction is affected "by the conditions under . 
which the sample is dosed with UVA. light For example, the required overall 
concentration for irradiating a population of microbes in a buffered media is going to vary 
from a population that is cultured in a growth media (e.g. BHI, Trdptase Soy Broth). The 
photoreaction may be affected by the contents of the growth media, which may interact 
with the psoralen, thereby requiring a higher overall concentration of the psoralen. In 
addition, the effective dosing of the microbes may depend on the growth phase of the 
organism and the presence or absence of compound during the growth phase. In one 
embodiment, the population of microbes comprises growth media during the psoralen UVA 
treatment. In one embodiment, the psoralen is added to the population of microbes, the 
population is cultured to grow the microbes in the presence of psoxalen and growth media, 
and the UVA treatment is performed at some point in the growth phase of the microbes. In 
one embodiment, the population is grown to an OD of 0.5-1 (1 x 1 O 7 to lx 10 9 CFU/mL) in 
the presence of the psoralen prior to irradiation with an appropriate dose of UVA light 
Psoralen compounds are effective at concentrations of about 10 plwl to 10 mM, also about 
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100 pM to 1 mM, also about 1 nM to 10 jiM, also about 1-500 nM, also about 1-200 nM or 
about 1-100 nM, with the UVA light dose ranging from about 0.1 - 100 J/cm 2 , also about 
0.1-20 J/cm 2 , or about 0.5-10 J/cm 2 , 0.5-6 J/cm 2 or about 2-6 J/cm 2 . In one embodiment, 
the microbe is treated in the presence of growth media at psoralen concentrations of about 
10 pM to 10 mM, also about 1-5000 nM, also about 1-500 nM, also about 5-500 nM, or 
about 1 0-400 nM. In one embodiment, the microbe treated in the presence of growth 
media is grown to an OD of 0.5-1 in the presence of psoralen at concentrations of about lO 
pM to 10 mM, also about 1-5000 nM, also about 1 -500 nM, also about 5-500 nM, or abou-t 
10-40O nM. Following the growth to an OD of 0.5-1, the microbe population is irradiated 
with LTVA light at a dose ranging from about 0.1 - 100 J/cm 2 , also about 0.1-20 J/cm 2 , or 
about O.5-10 J/cm 2 , 0.5-6 J/cm 2 or about 2-6 J/ cm 2 . 

Microbes containing heterologous nucleic acid sequences 
[0100]* Microbes can be alterecfto include a heterologous nucleic acid sequence that 

can be expressed by the microbe. The heterologous sequence can encode at least one 
specific protein antigen. The microbes may be altered by methods known to one skilled io 
the art [Sambrook and Russell, Molecular Cloning:: A Laboratory Manual, Third Edition, 
Cold Spring Harbor Laboratory Press, (2000)]. Tlxe microbes can be altered to contain one 
or more sequences that encode one or more antigens. The heterologous nucleic acid 
sequence encoding a specific antigen is not limited, to an exact nucleic acid sequence but is 
of a sequence that is sufficient to provide the expression of an antigen that will elicit the 
desired immune response when administered to an individual. The heterologous sequence 
can be expressed as an antigen related to a particular disease. The microbe expressing suoli 
antigens can be used as a vaccine, wherein the vaccine may be used as a preventative 
treatment or a therapeutic treatment Diseases that can be treated by such vaccines include 
infectious diseases, autoimmune diseases, allergies, cancers and other hyperproliferative 
diseases. 

[0101] The microbes of the invention may "be altered to contain a heterologous 

nucleic acid sequence encoding a specific tumor antigen. A large number of tumor specific 
antigens that are recognized by T cells have been identified [Renkvist et al, Cancer 
Immunol Innumother 50:3-15 (2001)]. These tumor antigens may be differentiation 
antigens (e.g., PSMA, Tyrosinase, gplOO), tissue-specific antigens (e.g. PAP, PSA), 
developmental antigens, tumor-associated viral antigens (e.g. HPV 16 E7), cancer-testis 
antigens (e.g. MAGE, BAGE, NY-ESO-1), embryonic antigens (e.g. CEA, alpha- 
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fetoprotein), oncoprotein antigens (e.g. Ras, p53), over-expressed protein antigens (e.g. 
ErbB2 (Her2/Neu), MUC 1), or mutated protein antigens. The tumor antigens that may be 
encoded by the heterologous nucleic acid sequence include, but are not limited to 3 707-AP, 
Ajonexin n, AFP, ART-4, BAGE, p-catenia/m, BCL-2, bcr-abl, bcr-abl pl90, bcr-abl p210, 
BRCA-1, BRCA-2, CAMEL, CAP-1, CASP-8, CDC27/m, CDK-4/m, CEA, CT9, CT10, 
Cyp-B, Dek-cain, DAM-6 (MAGE-B2), DAM-10 (MAGE-B1), ELF2M, EphA2, ETV6- 
AML1, G250, GAGE-1, GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAOE-7B, 
GAGE-8, GnT-V, , gplOO, HAGE, HER2/ixeu, HLA-A*0201-R170I, HPV-E7, HSP70-2M, 
HST-2, hTERT, hTRT, iCE, inhibitors of apoptosis (e.g. survivin), KIAA0205, LAGE, 
LAGE-1, LDLR/FUT, MAGE-1, MAGE-2, MAGE-3, MAGE-6, MAGE-A1, MA.GE-A2, 
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A10, MAGE-A12, MAGE-B5, MAGE-B6, 
MAGE-C2, MAGE-C3, MAGE-D, MART- 1, MART- 1 /Melan- A, MC1R, MDM-2, 
niesbthelin, Myosin/m, MUC1, MUC2, MQM-1, MUM-2, MUM-3, neo-polyA- 
polymerase, NA88-A, NY-ESO-1, NY-ESO-la (CAG-3), PAGE-4, PAP, Proteinase 3 
(PR3), P15, pl90, Pml/RARa, PRAME, PSA, PSM, PSMA, RAGE, RAS, RCAS 1, RU1, 
RU2, SAGE, SART-1, SART-2, SART-3, SP17, SPAS-1, TEL/AML1, TPI/m, Tyrosinase, 
TAItP, TRP-1 (gp75), TRP-2, TRP-2/INT2, WT- 1 , and alternatively translated NY-ESO- 
ORF2 and CAMEL proteins, derived from the NY-ESO-1 and LAGE-1 genes. Th_e 
microbes of the present invention encompass any tumor antigen that can elicit a tumor- 
specific immune response, including antigens yet to be identified. The microbes may be 
altered to contain more than one heterologous sequence encoding more than one tumor 
antigen. Preferred antigens include mesothelin [Argani et al., Clin Cancer Res. 7(1 2):3862- 
8 (2001)], Spl7 [Lim et al., Blood. 97(5):15O8-10 (2001)], gplOO [Kawakami et al., Proc. 
Natl. Acad. Sci. USA 91:6458 (1994)], PAGE-4 [Biinkmann et al., Cancer Res. 
59C7):1445-8 (1999)], TARP [Wolfgang et al., Proc. Natl. Acad. Sci. USA 97(17):9437-42 
(2O00)], EphA2 [Tatsumi et al., Cancer Res. 63(15):4481-9 (2003)], PR3 [Muller-Berat et 
al., Clin. Immunol. Immunopath. 70(l):51-9 <1994)] and SPAS-1 [U.S. Patent Application 
Publication Number 20020150588]. 

[01 02] In one embodiment of the invention, the heterologous antigen expressed by 

the modified microbe is CEA, CEA is a 180-kDA membrane intercellular adhesion 
glycoprotein that is over-expressed in a significant proportion of human tumors, including 
90% of colorectal, gastric, and pancreatic, 70% of non-small cell lung caner, and 50% of 
breast cancer (Hammarstrom, Semin. Cancer £iol 9 9:67-81). A variety of 



41 



WO 2004/084936 PCT/US2004/003671 

immunotherapeutics such as anti-idiotype monoclonal antibody mirtucking CEA (Foon et 
al., Clin. Cancer Res. t 87:982-90 (1995), or vaccination using a recombinant vaccinia virus 
expressing CEA (Tsang et al, J. Natl. Cancer Inst, 87:982-90 (199 5)) have been 
investigated, unfortunately, however, with limited success. Nonetheless, investigators have 
identified a HLA*0201 -restricted epitope, CAP-1(CEA605-613), that is recognized by 
human T cell lines that were generated from vaccinated patients. Vaccination of patients 
with DC pulsed with this epitope foiled to induce clinical responses (Morse et al., Clin. 
Cancer Res., 5: 1331-8 (1999)). Recently, a CEA605-613 peptide agonist was identified 
with a heteroclitic aspartate to asparagine substitution at position 61 0 (CAP1-6D). 
Although this amino acid substitution did not alter MHC binding affinity of this peptide, 
the use of the altered peptide ligand CAPL) resulted in improved generation of CEA- 
specific cytotoxic T lymphocytes (CTL) in vitro. CAPl-6D-specific CTL maintained their 
abilityio recognize and-lyse tumor cells expressing native CEA (Zaxemba et al., Cancer— 
Res., 57: 4570-7 (1997); Salazar et al., Int. J. Cancer, 85:829-38 (2O00)). Fong et al. 
demonstrated induction of CEA-specific immunity in patients with colon cancer vaccinated 
with Flt3-ligand expanded DC incubated with this APL. Encouragingly, 2 of 12 patients 
after vaccination experienced dramatic tumor regressions that correlated with the induction 
of peptide-MHC tetramer 4 " T cells (Fong et al., Proa Natl Acad. Set. U.S.A., 98:8809-14 
(2001)). Taken together, this work provides significant validation for CEA-targeted 
immunotherapy for colorectal cancer. 

[0103] In another embodiment, the heterologous antigen expressed by the modified 

microbe is proteinase-3 or is derived from proteinase-3. For instance, in one embodiment, 
the antigen comprises the HLA-A2 . 1 -restricted peptide PR1 (aa 16^-177; VLQELNVTV 
(SEQ ID NO:50)). Information on proteinase-3 and/or the PR1 epitope is publicly 
available in the following references: US Patent No. 5,180,819, Molldrem, et al., Blood, 
90:2529-2534 (1997); Molldrem et al., Cancer Research, 59:2675-2681 (1999); Molldrem, 
etal., Nature Medicine, 6:1018-1023 (2000); and Molldrem et al., Oncogene,!!: 8668- 
8673 (2002). 

[0104] Accordingly, in some embodiments, the modified microbe comprises a 

nucleic acid molecule encoding an antigen such as mesothelin, SPA.S-1, proteinase-3, 
EphA2, SP-17, gplOO, PAGE-4, TAJRP, Her-2/neu, WT-1, NY-ESO-1, PSMA, K-ras, or 
CEA, or an antigen derived from one of those proteins. In some embodiments, the 
modified microbe comprises a nucleic acid molecule encoding an antigen such as 
mesothelin, SPAS-1, proteinase-3, SP-17, gplOO, PAGE-4, TARP, ^WT-l, NY-ESO-1 or 
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CEA, or an antigen derived from one of those proteins. In some embodiments, the 
modified microbe comprises a nucleic acid molecule encoding human mesothelin, or an 
antigen derived from human mesothelin. In other embodiments, the modified microbe 
comprises a nucleic acid molecule encoding human EphA2, or derived from human EphA2. 
[0105] The microbes of the invention may be altered to contain a heterologous 

nucleic acid sequence encoding a specific infectious disease antigen. In one embodiment, 
the antigen is derived from a human or animal pathogen. Ttie pathogen is optionally a 
virus, bacterium, fungus, or a protozoan. For instance, the aoitigen may be a viral or fungal 
or bacterial antigen. 

[0106] For instance, the antigen may be derived from Human Immunodeficiency 

virus (such as gp 120, gp 160, gp41, gag antigens such as p24gag and p55gag, as well as 
proteins derived from the pol, eriv, tat, vif, rev, nef, vpr, vpu and LTR regions of HIV), 
Feline Immunodeficiency virus, or human or animal herpes viruses. In one embodiment, 
the antigen is derived from herpes simplex virus (HSV) types 1 and 2 (such as gD, gB, gH, 
Immediate Early protein such as ICP27), from cytomegalovirus (such as gB and gH), from 
Human Metapneumovirus, from. Epstein-Barr virus or from 'Varicella Zoster Virus (such as 
gpl, II or HI). (See, e. g. Chee et al. (1990) Cytomegaloviruses (J. K. McDougall, ed., 
Springer Verlag, pp. 125-169; McGeoch et al. (1988) J. Gen. Virol 69: 1531-1574; U.S. 
Pat No. 5,171,568; Baer et al. (1 984) Nature 3 10: 207-211; and Davison et al. (1986) J. 
Gen. Virol. 67: 1759-1816.) 

[O107] In another embodiment, the antigen is derived from a hepatitis virus such as 

hepatitis B virus (for example, Hepatitis B Surface antigen), hepatitis A virus, hepatitis C 
virus, delta hepatitis virus, hepatitis E virus, or hepatitis G virus. See, e. g., WO 89/04669; 
WO 90/1 1089; and WO 90/14436. The HCV genome encodes several viral proteins, 
including El and E2. See, e. g., Houghton et al., Hepatology 14: 381-388(1991). 
[O108] An antigen that is a viral antigen is optionally derived from a virus from any 

one of the families Picornaviridae (e. g., polioviruses, rhinovixuses, etc.); Caliciviridae; 
Togaviridae (e. g., rubella virus, dengue virus, etc.); Flaviviridae; Coronaviridae; 
Reoviridae (e. g., rotavirus, etc.); Birnaviridae; Rhabodoviridae (e. g., rabies virus, etc.); 
Orthomyxoviridae (e. g., influenza virus types A, B and C, etc.); Filoviridae; 
Paramyxoviridae (e. g., mumps virus, measles virus, respiratoxy syncytial virus, 
parainfluenza virus, etc.); Bunyaviridae; Arenaviridae; Retroviradae (e. g., HTLV-I; * 
HTLV-1 1; HTV-1 (also known as HTLV-l 1 1, LAV, ARV, hTXR, etc.)), including but not 
limited to antigens from the isolates HIVI1 lb, HTVSF2, HTVXAV, HTVLAI, HIVMN); 
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HIV-1CM235, HIV-1 ; HIV-2, among others; simian iromunodeficiency virus (SIV); 
Papillomavirus, the tick-borne encephalitis viruses; and the like. See, e. g. Virology--, 3rd 
Edition (W. K. Joklik ed. 1988); Fundamental Virology, 2.sup.nd Edition (B. N. Fields and 
D. M. Knipe, eds. 1 99 1), for a description of these and other viruses. 
[0109] In some alternative embodiments, the antigen is derived from bacterial 

pathogens such as Mycobacterium, Bacillus, Yersinia, Salmonella, Neisseria, Borre-lia (for 
example, OspA or OspB or derivatives thereof), Chlamydia, or Bordetella (for example, 
P.69, PT and FHA), or derived from parasites such as Plasmodium or Toxoplasma. In one 
embodiment, the antigen is derived from Mycobacterium tuberculosis (e.g. ESAT-6 , 85 A, 
85B, 72F), Bacillus anthracis (e.g. PA), or Yersinia pesrtis (e.g. Fl, V). In addition, 
antigens suitable for use in the present invention can be obtained or derived from kntown 
causative agents responsible for diseases including, but not limited to, Diptheria, Pextussis, 
Tetanus, Tuberculosis, Bacterial or Fungal Pneumonia, Otitis Media, Gonorrhea* Ctiolera, 
Typhoid, Meningitis, Mononucleosis, Plague, Shigellosis or Salmonellosis, Legionaire's 
Disease, Lyme Disease, Leprosy, Malaria, Hookworm, Onchocerciasis, Schistosomiasis, 
Trypanosomiasis, Leishmaniasis, Giardia, Amoebiasis, IFilariasis, Borelia, andTrictrinosis. 
[0110] The microbes of the invention may be altered to contain a heterologous 

nucleic acid sequence encoding an autoimmune disease-specific antigen. In a T cell 
mediated autoimmune disease, a T cell response to self antigens results in the autoimmune 
disease. The type of antigen for use in treating an autoimmune disease with the vaccines of 
the present invention might target the specific T cells responsible for the autoimmune 
response. For example, the antigen may be part of a T oell receptor, the idiotype, sp ecific 
to those T cells causing an autoimmune response, wherein the antigen incorporated into a 
vaccine of the invention would elicit an immune response specific to those T cells causing 
the autoimmune response. Eliminating those T cells would be the therapeutic mechanism 
to alleviating the autoimmune disease. Another possibility would be to incorporate an 
antigen that will result in an immune response targeting the antibodies that are generated to 
self antigens in an autoimmune disease or targeting the specific B cell clones that secrete 
the antibodies. For example, an idiotype antigen may be incorporated into the microbe that 
will result in an anti-idiotype immune response to such B cells and/or the antibodies 
reacting with self antigens in an autoimmune disease. Autoimmune diseases that may be 
treatable with vaccine microbes of the present invention include, but are not limited to, 
rheumatoid arthritis, multiple sclerosis, Crohn's disease, lupus, myasthenia gravis, vitiligo, 
scleroderma, psoriasis, pemphigus vulgaris, fibromyalgia, colitis and diabetes. A similar 
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approach, may be taken for treating allergic responses, where the antigens incorporated into 
the vaccine microbe target either T cells, B cells or antibodies that are effective in 
modulating the allergic reaction. In some autoimmune diseases, such as psoriasis, the 
disease results in hyperproliferative cell giow^th with expression of antigeas that may be 
targeted as well. Such an antigen that will result in an immune response to the 
hyperproliferative cells is considered. 

[0111] Rather than targeting the malfunctioning cells of a disease, the microbes of 

the present invention comprise antigens that target unique disease associated protein 
structures. One example of this is the targeting of antibodies, B cells or T cells using 
idiotype antigens as discussed above. .Another possibility is to target uniqiae protein 
structures resulting from a particular disease. An example of this would be to incorporate 
an antigen that will generate an immune response to proteins that cause the amyloid 
plaques-c^bserved in diseases such as-Alzheinaefs disease, CreutzfeldtJakob disease (CJD) 
and Bovine Spongiform Encephalopathy (BS32). While this approach may only provide for 
a reduction in plaque formation, it may be po ssible to provide a curative vaccine in the case 
of diseases like CJD. This disease is caused "by an infectious form of a prion protein. The 
vaccine incorporates an antigen to the infectious form of the prion protein such that the 
immune response generated by the vaccine may eliminate, reduce, or control the infectious 
proteins that cause CJD. 

Microbes containing mutations 
[0112} In one embodiment, the.inverition includes a vaccine comprising a microbe 

wherein the nucleic acid of the microbe is modified so that the proliferation of the microbe 
is attenuated, wherein the microbial population is still able to express a desired antigen to 
an extent that is sufficient to elicit an immune response, and wherein the naicrobe is further 
attenuated by at least one genetic mutation. The mutation in the microbe may affect a 
variety of features of the microbe. In some cases, the mutation affects the ability of the 
microbe to invade certain cells. For example, certain intracellular bacteria can invade a 
variety of cell types depending on receptors present on the bacteria. The imitation may 
alter the expression of certain receptors so that the bacteria is taken up by some cell types 
but not otheis. As an example of this, Listeria is typically taken up by phagocytic cells and 
also actively invades non-phagocytic cells (e.g. hepatic cells). A mutation, of Listeria may 
be used in which the invasion of non-phagocytic cells is significantly reduced or eliminated 
while the uptake by phagocytic cells is sufficiently active. Such a mutatioxi may provide 
for a better immune response as the vaccine -would be preferentially taken *up by phagocytic 
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cells, which are important in presenting the bacterial antigens to the immune system. It is 
understood that the mutation can be to any gene that results in an attenuation of the ability 
of the microbe to invade certain cell types, and that this is exemplified by mutations to 
internalin genes in Listeria (e.g. inlA, inlB). Similar genes may exist (e.g. invasin genes in 
Salmonella, Bacillus anthracis, and Yersinia) in other bacteria, and mutations in these 
genes are encompassed by the present invention. The mutation might impact other features 
of the microbe, such as a virulence factor or a gene that allows for growth and spreading, 
thereby reducing the virulence of the microbe. For example, a mutation in the actA gene of 
Listeria causes a deficiency in the polymerization of host cell actin, which inhibits the 
ability of the Listeria to spread, to other cells. A mutation in the hly gene of Listeria 
(listeriolysin (LLO) protein) impacts the ability of the Listeria to escape the phagolysosome 
of an infected cell. A mutation in either the plcA or plcB genes of Listeria impacts the 
ability of the Listeria to spread from cell to cell. A mutation in ik&yop gene of Yersinia 
affects the ability of the Yersinia to prevent phagocytosis by mac jophages. In another 
embodiment the genetic mutation attenuates the expression of certain antigens, for 
example, antigens that would normally result in an immune response to the microbe itself. 
Such a mutation may be useful if the microbe is used as a vaccine comprising a 
heterologous antigen in order to stimulate a strong immune response to the heterologous 
antigen but with a reduced immune response to the delivery microbe compared to the non- 
mutated microbe. In one embodiment, the microbe is attenuated "by a mutation in more 
than one gene. In one embodiment, one of the mutations is in an internalin gene of Listeria 
or a similar gene in other bacteria. In one embodiment, the mutation is in one or more of 
an internalin gene of Listeria or similar gene in other bacteria. In. one embodiment, one of 
the mutations is in the actA gene. In one embodiment, the microbe comprises Listeria 
monocytogenes with mutations in the actA gene and one or more internalin genes. In a 
preferred embodiment, the Listeria monocytogenes comprises a mutation in the actA gene 
and the inlB gene, preferably tbie Listeria monocytogenes comprises an actAJinlB deletion 
mutant (which is alternatively referred to herein as either AactAAl nlB or actA'inlB'). The 
sequences of a variety of Listeria genes including those described herein are found in 
Genbank accession no. NC_003210. 

[0113] The microbe might contain a mutation that significantly reduces the ability 

of the microbe to repair modifications to their nucleic acid. Such a mutation could be in 
any of a variety of genes that are involved in the DNA repair mecianisms of microbes 
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[Aravind et al., Nucleic Acids Research 27(5):1223-1242 (1999)]. Microbes that are 
deficient in their ability to repair damage to their nucleic acid provide an added level of 
safety and efficacy to the use of the microbes of the present invention. Using the 
appropriate repair deficient mutants, the microbes are exquisitely sensitive to nucleic acid 
modification. The nucleic acid of the microbes may" be modified to a lesser degree yet still 
ensure the desired amount of attenuation of proliferation. This provides a larger Avindow of 
efficacy in which to operate so that the expression of the microbial nucleic acid is sufficient 
to generate the desired proteins. In the case where c2e novo antigen expression is required, 
this provides a vaccine that will elicit an effective immune response. It also provides an 
added level of safety as the level of attenuation of proliferation achieved can not "be 
compromised by rep air of the modified nucleic acid. In another embodiment, the genetic 
mutation alters the susceptibility of the microbe to treatment with a nucleic acid targeted 
compound; for example by altering the permeability of the-microbe to the compoxmd or by 
altering the ability of the compoxmd to access and bLnd the microbial nucleic acid.. Such 
mutations may also impact the efficacy of the process of attenuating proliferation, while 
leaving microbial gene expression substantially unaffected. 

[0114] To illustrate the advantages of using a. repair deficient mutant, one can 

consider the mechanism of the attenuation of microbial proliferation. The microbial 
nucleic acid is modified either by strand breakage ov pyrimidine dimers, or by chemical 
modifications such as monoadducts or crosslinks. If* the mechanisms for repair of these 
modifications are intact, a certain number of modifications will be required in order to 
achieve sufficient attenuation of proliferation. The greater the modification of nucleic acid, 
the greater the reduction in protein expression. Even though the levels of modification 
required to attenuate proliferation are much lower than the levels required to stop protein 
expression, protein expression will still be reduced to some extent, possibly to an 
unacceptable level. The use of repair deficient mutants significantly reduces the levels 
needed to attenuate proliferation such that a lower modification level will result in adequate 
attenuation of proliferation. Since the nucleic acid modification is much lower, the 
expression of proteins will be less affected, providing for a higher level of expression of the 
protein of interest. Such repair deficient mutants ma-y be particularly useful in the 
preparation of vaccines, such as vaccines to the microbe itself, where the safety of the 
vaccine can be increased by a slight modification of "the nucleic acid, leaving a sufficiently 
high level of protein expression, in particular the antigen to which the immune response is 
targeted. In one embodiment the repair deficient mutant lacks the ability to make PhrB (a 
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photolyase), which repairs pyrimidixie dimers. For example, the mutation may be in the 
phrB gene, or a functionally equivalent gene, depending on the genus and species of the 
microbe. Such a mutant could be used in conjuction with ultraviolet irradiation (e.g. UVB, 
UVC) of the microbe to produce pyrimidine dimers in the microbial nucleic acid. In one 
embodiment the repair deficient mutant is unable to repair inters tand crosslinlcs. Such 
mutants include, but are not limited to, mutations in uvr genes, i.e. uvrA, wvrfl, wvrC, and 
uvrD genes as well as recA genes, or functionally equivalent genes, depending on the 
genus and species of the microbe. The mutations may be in one or more of these genes. 
These mutations result in attenuation in the activity of the corresponding enzymes UvrA 
(an ATPase), UvrB (a helicase), UvrC (a nuclease), UvrD (a helicase II) and !RecA (a 
recombinase). These mutants would be used in conjunction with a crosslink! ng compound, 
such as a psoralen. Since the microbial nucleic acid is crosslinked in some locations, and 
these Crosslinks can not be repaired, the microbe is unable to replicate as the original 
strands of nucleic acid can not be separated- Since they can not be repaired, very few 
crosslinks are needed, the microbial nucleic acid is for the most part accessible for 
transcription, and protein expression is not altered significantly. In a preferred 
embodiment, a population of repair deficient microbial mutants that are unable to repair 
interstrand crosslinks are suitably crosslinkied such that essentially every micxobe in the 
population contains at least one crosslink, such that attenuation of replication, is essentially 
complete, wherein the microbial gene expression of the population is sufficiently active. In 
one embodiment, a mutation in the recA gene is a conditional mutation. In such a 
mutation, the mutation in the recA gene results in the attenuation in the activity of recA 
only under certain conditions (i.e. non-permissive conditions), such as a suitable pH or 
temperature of the microbial population. A. microbe comprising a conditional recA 
mutation can be cultured under permissive conditions in order to grow sufficient levels of 
the microbe and then placed under non-permissive conditions for treatment to modify the 
nucleic acid, then stored under non-permissive conditions such that the nucleic acid 
damage is not adequately repaired. As an example of this, a recA temperature sensitive 
mutant is grown at 30 °C, where it grows well, and is treated to modify the nucleic acid at 
42 °C, which is non-permissive for recA such that it is very sensitive to treatment, such as 
psoralen crosslinking. While the treated nxicrobe may be stored under non-permissive 
conditions, it is possible that upon vaccination, the conditions may permit expression of 
recA, resulting in some repair and presenting a safety issue. It is possible to construct the 
microbe such that the recA is under the control of the lac repressor, such that growth of the 
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strain can be induced by isopropyl-P-D-thiogalactopyranoside (IPTG) when growth is 
desirable, prior to the inactivation and/or immunization steps. The possibility of recA 
expression can then be eliminated for the inactivation and/or immuniza tion steps by 
withholding further IPTG from the strain and/or eliminating IPTG from, the strain's 
environment. 

[0115] In one embodiment, the microbe comprises at least one mutation that 

significantly reduces the ability of the microbe to repair modifications to their nucleic acid 
in combination with at least one mutation not related to repair mechanisms. The mutation 
that is not related to repair mechanisms may affect a variety of features of the microbe, 
such as the ability of the microbe to invade certain cells, a mutation in a virulence factor or 
a gene that allows for growth and spreading, or a mutation that attenuates the expression of 
certain antigens. Such mutations are discussed above and include, but axe not limited to, 
mutations irfihternalin genes (e.g. inlB), actA gene, hly gene,plcA gtns^ or pieB gene of rt 
Listeria, invasion genes (e.g. Salmonella, Bacillus anthracis, and Yersinia) or thoyop gene 
of Yersinia. In one embodiment, the microbe comprises Listeria monocytogenes having a 
mutation in the actA gene. In one embodiment, the Listeria monocytogenes comprises a 
mutation in the actA gene and in an internalin gene. In one embodiment, the Listeria 
monocytogenes comprises an actA mutation and a uvrAB mutation, preferably actA/uvrAB 
deletion mutations (which may be referred to as either AactAAuvrAB or actA'uvrAB'). In 
one embodiment, the Listeria monocytogenes comprises an actA mutation, an inlB 
mutation, and a uvrAB mutation, preferably actA/inlB/uvrAB deletion nrutations. In some 
other embodiments, the microbe comprises Bacillus anthracis having a uvrAB mutation, 
such as a deletion. 

[0116] In another embodiment, the invention provides an isolated mutant Listeria 

strain, such as a mutant Listeria monocytogenes strain, comprising a genetic mutation that 
attenuates its ability to repair its nucleic acid. In some embodiments, the mutant Listeria 
strain is defective with respect to at least one DNA repair enzyme (such asUvrA and/or 
UvrB). In some embodiments, the mutant Listeria strain comprises a genetic mutation in 
the uvrA gene and/or the uvrB gene. In some embodiments, the mutant strain is the Listeria 
monocytogenes AactAAuvrAB strain deposited with the American Type Culture Collection 
(ATCC) and identified by accession number PTA-5563. In other embodiments, strain is a 
mutant of the Listeria monocytogenes AactAAuvrAB strain deposited with the American 
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Type Culture Collection (ATCC) and identified t>y accession number PTA-5563, wherein 
the mutant of the deposited strain is defective with respect to UvrA, UvrB, and ActA. 
[0 117] In some embodiments, the invention provides a free-living microbe which is 

defective with respect to at least one DNA repair enzyme (relative to wild type). In some 
embodiments, the microbe that is defective with respect to at least one DNA repair enzyme 
is attenuated for DNA repair relative to wild type. In some embodiments, the capacity of 
the microbe for DNA repair is reduced by at least about 10%, at least about 25%, at least 
about 50%, at least about 75%, or at least about 90% relative to wild type. Methods for 
assessing the ability of a microbe to effect DNA repair are well known to those of ordinaiy 
skill in the art In some embodiments, the microbe is defective with respect to one or more 
of the following enzymes: PhrB, UvrA, UvrB, UvrC, UvrD, and RecA. In some 
embodiments, the microbe is defective with respect to UvrA, UvrB, or both enzymes. In 
some embodiments, the microbe is defective with respect to RecA, or a functional 
equivalent of RecA. In some embodiments, the microbe comprise a genetic mutation in 
one or more gene selected from the group consisting of phrB, uvrA, uvrB, uvrC, uvrD and 
recA, or in a functional equivalent of one or more gene selected from the group consisting 
of phrB, uvrA, uvrB, uvrC, uvrD and recA. In some embodiments, the microbe comprises 
genetic mutations in both uvrA and uvrB, or in junctional equivalents of both uvrA and 
uvrB. In some embodiments, the microbe comprises a genetic mutation in recA. In some 
embodiments, the microbe is a bacterium. For instance, in some embodiments, the microbe 
is Mycobacterium tuberculosis, Listeria monocytogenes, or Bacillus anthracis. 
[0118] The invention also provides an isolated mutant Listeria monocytogenes 

strain, comprising a genetic mutation that attenuates its ability to repair its nucleic acid. In 
some embodiments, the mutant strain is defective with respect to at least one DNA repair 
enzyme (such asUvrA and/or UvrB). In some embodiments, the mutant strain comprises a 
genetic mutation in the uvrA gene and/or the uvrJ3 gene. In some embodiments, the uvrA 
gene, the uvrB gene, or both genes are deleted. En some embodiments, the mutant strain is 
attenuated with respect to RecA. In some embodiments, the mutant strain comprises a 
genetic mutation in the recA gene. In some embodiments, the mutant microbe is the 
Listeria monocytogenes actA'/uvrAB' strain deposited with the American Type Culture 
Collection (ATCC) and identified by accession number PTA-5563, or a mutant of the 
deposited strain which is defective with respect to UvrA, UvrB, and ActA. 
[0 119] The invention also provides an isolated mutant Bacillus anthracis strain, 

comprising a genetic mutation that attenuates its ability to repair its nucleic acid. In some 
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embodiments, the mutant strain is defective with respect to at least one DNA repair enzyme 
(such asUvrA and/or UvrB). In some embodiments, the mutant strain comprises a genetic 
mutation in the uvrA gene and/or the uvrB gene. In some embodiments, the uvrA gene 
(SEQ ID NO: 18), the uvrB gene (SEQ ID NO: 1 9), or both genes are deleted. In some 
embodiments, the mutant strain is attenuated with respect to RecA. In some embodiments, 
the mutant strain comprises a genetic mutation in the recA gene. In some embodiments, the 
mutant strain comprises a mutation in the recA gene that makes expression of the recA 
protein temperature sensitive. In some alternative embodiments, a mutant strain off B. 
anthracis is constructed which is under control of the lac repressor (inducible by IPTG), 
permitting expression of recA during growth, but not during inactivation (such as with S- 
59/UVA) and/or post-immunization. In some embodiments, the mutant strain comprises 
one or more mutations in the lef gene, cya gene, or both genes, that decreases the toxicity of 
the strain. 

[0120] As Avith any microbe of the invention, the modification of the DNA of the 

repair deficient (e.g. uvr deficient) bacteria with, psoralen can be controlled by adjusting the 
compound concentration, reaction conditions and light dose. The appropriate 
concentration, reaotion conditions and light dose are determined by assessing their effects 
on replication and protein expression as detailed above. The use of repair deficient mutants 
provides an additional level of control of proliferation while maintaining adequate protein 
expression such that the parameters of concentration, reaction conditions and light dose can 
be adjusted over a wider range of conditions to provide a suitable population of microbes. 
For example, there will be a broader range of nucleic acid modification density over which 
proliferation can be completely inhibited without significantly affecting protein expression. 
The minimum level of modification required to completely inhibit repair deficient strains is 
much less than for non-repair deficient strains (see Examples 3, 7, 1 1, and 21). As a result, 
the modification level can be higher than the minimum level required to stop proliferation 
(ensuring complete inactivation) yet still be below a level that is detrimental to protein 
expression. Thus, while the invention is effective for non-repair deficient strains, urvr 
deficient strains provide greater flexibility in preparing a desirable population of microbes 
that would be effective as a vaccine. Psoralen compounds are effective at concentrations of 
about 10 pM to 10 mM, also about 100 pM to 1 mM, also about 1 nM to 10 nM, also about 
1-500 nM, also about 1-200 nM or about 1-100 nM, with the UVA light dose ranging from 
about 0.1 - 100 J/crn 2 , also about 0.1-20 J/cm 2 , also about 0.5-10 J/cm 2 , or aboutO.5-6 
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J/cm 2 or about 2-6 J/cm 2 . In one embodiment, the microbe is treated in ttie presence of 
growth, media at psoralen concentrations of about 10 pM to 10 mM, also about 1-5000 nM, 
also about 1-500 nM, also about 5-500 nM, or about 10-400 nM. In one embodiment, the 
microbe treated in the presence of growth media is grown to an OD of 0.5-1 in the presence 
of psoralen at concentrations of about 10 pM to 10 mM, also about 1-500O nM, also about 

1- 500 nM, also about 5-500 nM, or about 1 0-400 nM. Following the growth to an OD of 
0.5-1, the microbe population is irradiated with UVA light at a dose rangLng from about 0.1 
- 100 J/cm 2 , also about 0.1-20 J/cm 2 , or about 0.5-10 J/cm 2 , 0.5-6 J/cm 2 ox about 2-6 J/ cm 2 . 
[0121 J In order to generate primarily psoralen crosslinks in any microbe, 
particularly uvr deficient mutant bacteria, it is possible to dose the psoralen and UVA light 
initially to form adducts and follow this with a second dose of UVA light alone to convert 
some or most of the monoadducts to crosslinks. The psoralen photochemistry is such that 
absorption Of a photon of appropriate energy will first form^a monoadduct. Absorption of 
an additional photon will convert this monoadduct to a crosslink when a friran side 
monoadduct is appropriately situated in the DNA double helix [Tessman et aL, 
Biochemistry 24: 1669-1676 (1985)]. The sample can be dosed with a lower UVA dose at a 
desired concentration of psoralen and the unreacted psoralen can be removed, e.g. by 
washing, dialysis or ultrafiltration of the bacteria. The bacteria containing psoralen adducts 
(monoadducts and crosslinks) can be further dosed with UVA light to convert some or most 
of the monoadducts to crosslinks without resulting in significant additional adducts to the 
bacteria. This allows for the controlled addition of a low number of psoralen adducts with 
the initial light dose, then converting a substantial number of any monoadducts to crosslink 
with the second dose. This provides for modification of the microbial genome at 
sufficiently low levels wherein a majority of the adducts formed will be cxosslinks. This is 
particularly effective for blocking replication with uvr deficient mutants. In such 
embodiments, psoralen compounds are effective at concentrations of aboot 10 pM to 10 
mM, also about 100 pM to 1 mM, also about 1-500 nM, also about 1-200 nM or about 1- 
100 nML 9 with the UVA light dose ranging from about 0.1-10 J/cm 2 , also about 0.1-2 
J/cm 2 , or about 0.5-2 J/cm 2 . Following removal of most of the unreacted ^psoralen by 
washing, dialysis or ultrafiltration of the bacteria, the bacteria may be dos ed with UVA 
light raxiging from 0.1 - 100 J/cm 2 , also about 0.1-20 J/cm 2 , or about 0.5-10 J/cm 2 or about 

2- 6J/crn 2 . 
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[0122] Vaccine compositions of the invention comprise a microbe in which the 

microbial nucleic acid is modified and/or comprise an antigen-presenting cell which has 
been antigen-loaded and/or activated/matured by infection -with a microbe in which the 
microbial nucleic acid is modified so that the proliferation of the microbe is attenuated, 
wherein the microbial gene expression is substantially unaffected, as discussed above. The 
vaccine compositions of the present invention can be used to stimulate an immune response 
in an individual. The formulations can be administered to an individual by a variety of 
administration routes. Methods of administration of such a vaccine composition are known. 
in the art, and include oral, nasal, intraveneous, intradermal, intraperitoneal, intramuscular, 
intralymphatic and subcutaneous routes of administration. The vaccine compositions may 
further comprise additional components known in the ait to improve the immune response 
to a vaccine, such as adjuvants or T cell co-stimulatory molecules. The invention also 
includes medicaments'comprising the pharmaceutical compositions of the invention. An — ~ 
individual to be treated with such vaccines, is any vertebrate, preferably a mammal, 
including domestic animals, sport animals, and primates, including humans. The vaccine 
may be administered as a prophylactic, where the individual is vaccinated in order to 
immunize the individual against a particular disease. White the vaccine can be given to any 
individual, in some instances, such as with cancer vaccines, the individual treated might be * 
limited to those individuals at higher risk of developing a cancer. The vaccine may also be 
administered as a therapeutic, where the individual having a. particular disease is vaccinated 
in order to improve the immune response to the disease or a disease related protein. In this 
embodiment, the vaccine may result in a lessening of the phrysical symptoms associated 
with the disease. For example, with cancer vaccines, the vaccination may result in stopping 
the growth of a tumor, preferably a lessening of the mean tumor volume, more preferably 
elimination of any tumors. In one embodiment, the mean tumor volume decreases by at 
least about 5%, also about 10%, also about 25%, also about -50%, also about 75%, also 
about 90% or about 100%. Similarly, the vaccination may result in stopping the metastases 
of a tumor, preferably resulting in a reduction in the number of tumor metastases. An 
additional effect of a cancer vaccine would be an extension of the median survival of the 
individual. In humans, the median survival may be extended by at least about 3 months, 
also at least about 6 months, or at least about 12 months. 

[0123] Vaccine formulations are known in the art and include numerous additives, 

such as preservatives, stabilizers, adjuvants, antibiotics, and other substances. 
Preservatives, such as thimerosal or 2-phenoxy ethanol, are added to slow or stop the 
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growth of bacteria or fungi resulting from inadvertent contamination, especially as might 
occur with vaccine vials intended for multiple uses or doses. Stabilizers, such as lactose or 
monosodium glutamate (MSG), are added to stabilize the vaccine formulation against a 
variety of conditions, such as temperature variations or a freeze-drying process. Adjutants, 
such as aluminum hydroxide or aluminum phosphate, are added to increase the ability of 
the vaccine to trigger, enhance, or prolong an immiane response. Additional materials, such 
as cytokines, chemokines, and bacterial nucleic acid sequences, like CpG, are also potential 
vaccine adjuvants. Antibiotics, such as neomycin ajid streptomycin, are added to prevent 
the potentially harmful growth of germs. Vaccines may also include a suspending fluid 
such as sterile water or saline. Vaccines may also contain small amounts of residual 
materials from the manufacturing process, such as cell or bacterial proteins, egg proteins 
(from vaccines that are produced in eggs), DNA or RNA, or formaldehyde from a 
toxoiding process. * 

[0124] The efficacy of the vaccines can be evaluated in an individual, for example 

in mice. A mouse model is recognized as a model for efficacy in humans and is useful in 
assessing and defining the vaccines of the present invention. The mouse model is used to 
demonstrate the potential for the effectiveness of th_e vaccines in any individual. VaccLnes 
can be evaluated for their ability to provide either a prophylactic or therapeutic effect 
against a particular disease. For example, in the case of infectious diseases, a population of 
mice can be vaccinated with a desired amount of the appropriate vaccine of the invention, 
where the microbe expresses an infectious disease associated antigen. This antigen can be 
from the delivery microbe itself or can be a heterologous antigen. The mice can be 
subsequently infected with the infectious agent related to the vaccine antigen and assessed 
for protection, against infection. The progression of" the infectious disease can be observed 
relative to a control population (either non vaccinated or vaccinated with vehicle only or a 
microbe that does not contain the appropriate antigen). 

[0125] In the case of cancer vaccines, tumor cell models are available, where a 

tumor cell line expressing a desired tumor antigen can be injected into a population of mice 
either before (therapeutic model) or after (prophylactic model) vaccination with a microbe 
of the invention containing the desired tumor antigen. Vaccination with a microbe 
containing the tumor antigen can be compared to control populations that are either not 
vaccinated, vaccinated with vehicle, or with a microbe that expresses an irrelevant antigen. 
In addition, th.e relative efficacy of the vaccines of the invention can be compared to a 
population of microbe in which the microbial nucleic acid has not been modified. The 
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effectiveness of the vaccine in such models can be evaluated in terms of tumor volume as a 
function of time after tumor injection or in terms of survival populations as a function of 
time after tumor injection (e.g. Example 4). In one embodiment, the tamor volume in mice 
vaccinated with nucleic acid modified microbe is about 5%, about 10%, about 25%, about 
50%, about 75%, about 90% or about 100% less than the tumor volume in mice that are 
either not vaccinated or are vaccinated with vehicle or a microbe that expresses an 
irrevelant antigen. In another embodiment, this differential in tumor volume is observed at 
least about 10, about 17, or about 24 days following the implant of the tumors into the 
mice. In one embodiment, the median survival time in the mice vaccinated with nucleic 
acid modified microbe is at least about 2, about 5, about 7 or at least about 10 days longer 
than in mice that are either not vaccinated or are vaccinated with vehicle or a microbe that 
expresses an irrelevant antigen. In addition to an effective immune response to the 
vaccines of the-present invention, the modified microbes provide an added level of safety 
sue la that a higher dose of the microbe may be administered relative to tbve corresponding 
unmodified microbe. In one embodiment of the invention, the vaccination with the nucleic 
acid modified microbe is done at a dose of microbes that is the same as tie dose of the 
corresponding unmodified microbe. In another embodiment, the vaccination of nucleic 
acid, modified microbe is safely dosed at a level that is at least about 2, al>out 5, about 10, 
about 10 2 , about 10 3 , or at least about 1 0 4 fold higher than the vaccination dose of the 
corresponding unmodified microbe, wherein the resulting tumor volume and median 
survival times discussed above are observed for the nucleic acid modified microbe. 

Methods of use 

[0126] A variety of methods of losing the modified microbes, anti^gen-presenting 

cells, vaccines, and pharmaceutical compositions described herein are provided by the 
present invention. For instance, methods of using the modified microbes^ antigen- 
presenting cells, vaccines, and pharmaceutical compositions described h&xehx to induce 
immune responses and/or to treat or prevent disease are provided. Metho d of using the 
modified microbes and/or mutant strain to prepare vaccines and other compositions are also 
provided. 

[0127] For instance, in one aspect, the invention provides a method of inducing an 

immune response in a host to an antigen, comprising administering to the host an effective 
amount of a composition comprising a free-living microbe that expresses "the antigen, 
wherein the nucleic acid of the microbe is modified so that the microbe is attenuated for 
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proliferation. In some embodiments, the composition comprising the microbe is a vaccine. 
In some embodiments, the composition comprising the microbe is a professional antigen- 
presenting cell The antigen may be heterologous or autologous to the microbe as 
described above. In some embodiments, the nucleic acid of the microbe has been modified 
by reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid. 
[0128] The invention also provides a method of inducing an immune response in a 

host to an antigen, comprising administering to the host an effective amount of a 
composition comprising a mutant strain of Listeria monocytogenes that expresses the 
antigen, wherein the mutant strain comprises a genetic mutation that attenuates its ability to 
repair its nucleic acid. The antigen may be a Listerial or non-Listerial antigen. In some 
embodiments, the nucleic acid of the Listeria has been modified so that the microbe is 
attenuated for proliferation (e.g., by S-59/UVA treatment). 

[0129] ~ The invention also provides a method of inducing an immune response in a - 
host to an antigen, comprising administering to the host an effective amount of a 
composition comprising a mutant strain of Bacillus anthraci*s that expresses the antigen, 
wherein the mutant strain comprises a genetic mutation that attenuates its ability to repair 
its nucleic acid. In some embodiments, the nucleic acid of tfcie Bacillus has been modified 
so that the microbe is attenuated for proliferation (e.g., by S-59/UVA treatment). 
[0130] The invention also provides a method of preventing or treating a disease in a 

host, comprising administering to the host an effective amouait of a composition comprising 
a free-living microbe, wherein the nucleic acid of the microt>e is modified so that the 
microbe is attenuated for proliferation. In some embodiments, the composition comprising 
the microbe is a vaccine. In some embodiments, the composition comprising the microbe 
is a professional antigen-presenting cell. 

[0131] The invention also provides a method of preventing or treating a disease in a 

host, comprising administering to the host an effective amouxit of a composition comprising 
a mutant strain of Listeria monocytogenes, wherein the mutant strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid. In some embodiments, the 
nucleic acid of the Listeria has been modified so that the microbe is attenuated for 
proliferation (e.g., by S-59/UVA treatment). In some embodiments, the disease is an 
infectious disease. In other embodiments, the disease is cancer. 

[0132] The invention also provides a method of preventing or treating disease in a 

host, comprising administering to the host an effective amount of a composition comprising 
a mutant strain of Bacillus anthracis 9 wherein the mutant strain comprises a genetic 
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mutation that attenuates its ability to repair its nucleic acid. In some embodiments, the 
nucleic acid of the Bacillus has been modified so that the microbe is attenuated for 
proliferation (e.g., by S-59/UVA treatment). 

[0133] The invention also provides a free-living microbe for medical use, wherein 

the nucleic acid of the microbe is modified so that the microbe is attenuated for 
proliferation and/or the microbe is defective with respect to a DNA repair enzyme. It is 
understood that medical use encompasses both therapeutic and preventative medical 
applications (e.g., for use as a vaccine). In some embodiments, the microbe has been 
modified by reaction with a nucleic acid targeted compound that reacts directly with th& 
nucleic acid so that the microbe is attenuated for proliferation. In some embodiments, tlae 
microbe is Listeria monocytogenes or Bacillus anthracis. 

[0134] In other aspects, the invention provides a professional antigen-presenting 

cell for medicaTuse, wherein the antigen-presenting~cell comprises a free-living microbe, 
wherein tlxe nucleic acid of the microbe is modified so that the microbe is attenuated for 
proliferation and/or the microbe is defective with respect to a DNA repair enzymeln some 
embodiments, the microbe has been modified by reaction with a nucleic acid targeted 
compound that reacts directly with the nucleic acid so that the microbe is attenuated for 
proliferation. In some embodiments, the microbe is Xisteria monocytogenes or Bacillus 
anthracis. 

[0135] The invention also provides a mutant Listeria monocytogenes strain for 

medical use, wherein the mutant Listeria monocytogenes strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid. 

[0136] In addition, the invention provides a mutant Bacillus anthracis strain for 

medical use, wherein the mutant Bacillus anthracis strain comprises a genetic mutation that 
attenuates its ability to repair its nucleic acid 

[0137] The invention further provides the use of a free-living microbe, wherein Che 

nucleic acid has been modified so that the microbe is attenuated for proliferation, for th& 
manufacture of a medicament for a disease unrelated and/or not caused by the free-living 
microbe. In some embodiments, the disease is cancer. In some embodiments, the disease 
is an infectious disease unrelated to the free-living microbe. 

[0138] The invention further provides the use of a free-living microbe for the 

manufacture of a medicament for a disease unrelated and/or not caused the microbe, 
wherein the microbe is defective with respect to at l&ast one DNA repair enzyme. In some 



57 



WO 2004/084936 PCT/US2004/003671 
embodiments, the disease is cancer. In some embodiments, the disease is an infectious 
disease unrelated to the microbe. 

[0139] Additionally, the invention provides the use of a profes sional antigen- 

presenting cell, wherein the antigen-presenting cell comprises a free-lining microbe, 
wherein the nucleic acid of the microbe is modified so that the microbe is attenuated for 
proliferation and/or wherein the microbe is defective with respect to at least one DNA 
repair enzyme, for the manufacture of a medicament for a disease unrelated and/or not 
caused by the free-living microbe. In some embodiments, the disease is cancer. In some 
embodiments, the disease is an infectious disease unrelated to the free-living microbe. 
[O140] The invention further provides the use of a mutant strain of Listeria 

monocytogenes, wherein the mutant Listeria monocytogenes strain comprises a genetic 
mutation that attenuates its ability to repair its nucleic acid, for the manufacture of a 
medicament for a disease" unrelated and/or not caused by Listeria monocytogenes. In some 
embodiments, the disease is cancer. In some embodiments, the disease is an infectious 
disease unrelated to the Listeria monocytogenes. 

[0 141] In another aspect, the invention provides a method of activating naive T 

cells, comprising contacting the naive T cells with a professional antigen-presenting cell 
under suitable conditions and for a sxifficient time to activate the naive T cells, wherein the 
antigen-presenting cell comprises a free-living microbe, wherein the nucleic acid of the 
microbe is modified so that the microbe is attenuated for proliferation. The contacting step 
of this method may be performed either in vitro or in vivo. Suitable conditions and a 
sixfficient time for activating the naive T-cells would be known to one of ordinary skill of 
tbte art. In addition, examples of such conditions are provided in the specific Examples, 
below. 

[0 142] A method of loading professional antigen-presenting ceUs with an antigen is 

also provided. The method comprises contacting the professional antigen-presenting cells 
with a free-living microbe that comprises a nucleic acid sequence encoding the antigen, 
under suitable conditions and for a sufficient time to load the professional antigen- 
presenting cells (e.g., dendritic cells), wherein the nucleic acid of the microbe is modified 
so that the microbe is attenuated for proliferation and/or the microbe is defective with 
respect to at least one DNA repair enzyme. The contacting step of the method may be 
performed in vitro, ex vivo, or in vivo. The antigen may be heterologous or autologous to 
the microbe. Suitable conditions and a sufficient time for loading antigen-presenting cells 
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would generally be known to one of ordinary skill of the art to addition, examples of such 
conditions are provided in the specific Examples, below. 

[0143] In another aspect, the invention provides a metttod of activating and/or 

maturing professional antigen-presenting cells comprising contacting the professional 
antigen-presenting cells ( in vitro, ex vivo, and/or in vivo) with a free-living microbe that 
comprises a nucleic acid sequence encoding an antigen, under suitable conditions and for a 
sufficient time to activate and/or bring to maturation the professional antigen-presenting 
cells, wherein the nucleic acid of the microbe is modified so that the microbe is attenuated 
for proliferation. The contacting step of the method may be performed either in vitro or in 
viva. The antigen may be heterologous or autologous to the microbe. Suitable conditions 
and a sufficient time for activating antigen-presenting cells and/or bringing antigen- 
presenting cells to maturation would generally be known to one of ordinary skill of the art. 
In addition, examples of such conditions are provided in-the specific Examples, below.^ 
[0144] In another aspect, the invention provides a method of preventing or treating 

a disease in a host, comprising the following steps, (a) loading professional antigen- 
presenting cells with an antigen by contacting the cells with a free-living microbe that 
comprises a nucleic acid sequence encoding an antigen, wherein the nucleic acid of the 
microbe is modified so that tlie microbe is attenuated for proliferation; and (b) 
administering an effective amount of a composition comprising the loaded professional 
antigen-presenting cells to the host. 

[0145] In still another aspect, the invention provides a method of inducing an 

immune response to an antigen in a host, comprising the following steps, (a) loading 
professional antigen-presenting cells with the antigen by contacting the cells with a free- 
living microbe that comprises a nucleic acid sequence encoding the antigen, wherein the 
nucleic acid of the microbe is modified so that the microbe is attenuated for proliferation; 
and (b) administering an effective amount of a composition conxprising the loaded 
professional antigen-presenting cells to the host. 

Kits 

[0146] The invention further provides kits (or articles of manufacture) comprising 

the modified microbes and mutant strains of the present invention. 

[0147] In one aspect, the invention provides a kit comprising both (a) a composition 

comprising a mutant Listeria monocytogenes strain comprising a genetic mutation that 
attenuates its ability to repair its nucleic acid, a mutant Bacillus anthracis strain comprising 
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a genetic mutation that attenuates its ability to repair its nueleic acid, or a free-living 
microbe, wherein the nucleic acid of the microbe is modified so that the microbe is 
attenuated for proliferation; and (b) instructions for the use of the composition in the 
prevention or treatment of a disease in a host. In some embodiments, the instructions are 
on a label. In other embodiments, the instructions are on an insert contained within the Irit. 
[0148] In another aspect, the invention provides a kit comprising both (a) a 

composition comprising a mutant Listeria monocytogenes strain comprising a genetic 
mutation that attenuates its afcility to repair its nucleic acid, a mutant Bacillus anthracis 
strain comprising a genetic mutation that attenuates its ability to repair its nucleic acid, or a 
free-living microbe, wherein the nucleic acid of the microbe is modified so that the microbe 
is attenuated for proliferation; and (b) instructions for the administration of the composition 
to a host. In some embodiments, the instructions are on a label. In other embodiments, the 
instructions are-on an insert contained withkrthe kitr ' 

[0149] In another aspect, the invention provides a kit comprising both (a) a 

composition comprising a mutant Listeria monocytogenes strain comprising a genetic 
mutation that attenuates its ability to repair its nucleic acid, a mutant Bacillus anthracis 
strain comprising a genetic mutation that attenuates its ability to repair its nucleic acid, or a 
free-living microbe, wherein, the nucleic acid of the microbe is modified so that the microbe 
is attenuated for proliferation^ and (b) instructions for selecting a host to which the 
composition is to be administered. In some embodiments, the instructions are on a label. 
In other embodiments, the instructions are on an insert contained within the kit. 
[0150] In some embodiments of each of the aforementioned aspects, the 

composition is a vaccine. In some embodiments of each of" the aforementioned aspects, the 
composition is a professional-antigen-presenting cell. In some embodiments of each of the 
aforementioned aspects, the nucleic acid of the free-living microbe has been modified by 
reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid. In 
some embodiments, the microbe has been s-59/UVA treated. In some embodiments, the 
microbe is defective with respect to a DNA repair enzyme. 

Additional embodiments of the invention 
[0151] In one embodiment, the invention includes a vaccine composition 

comprising a free-living microbe in which the microbial nucleic acid is modified so that: the 
proliferation of the microbe is attenuated and/or comprising an antigen-presenting cell that 
has been antigen-loaded and/or activated or matured through infection with a free-living 
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microbe in which the microbial nucleic acid is modified so that the proliferation of the 
microbe is attenuated, wherein the microbial gene expression is substantially unaffected. In 
one embodiment, the microbial gene expression is substantially unaffected so that an 
antigen is expressed at a level sufficient to stimulate an immune response upon 
administration of the microbe to an individual. In one embodiment, the proliferation of the 
microbe is attenuated by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 
log, about 4 log, about 6 log, or at least about 8 log. In another embodiment, tfcie 
proliferation of the microbe is attenuated by about 0.3 to > 10 log, about 2 to > 10 log, about 
4 to >10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 1-5 
log, or about 2-5 log. In one embodiment, the expression of an antigen by the microbe is at 
least about 10°A> 9 about 25%, about 50%, about 75%, or at least about 90% of title 
expression of the antigen by a microbe in which the microbial nucleic acid is not modified. 
In one embodiment, the antigen expressed is an antigen from the microbe itset&-In one 
embodiment, ttie microbe comprises a heterologous nucleic acid sequence encoding an 
antigen. In one embodiment, the antigen is a disease associated antigen. In one 
embodiment, tlxe antigen is associated with a disease selected fiom the group consisting of 
infectious diseases, autoimmune diseases, allergies, cancers, and other hypeiproliferative 
diseases. In one embodiment, the antigen is a tumor associated antigen. In one 
embodiment, the tumor antigen is selected from ttie group consisting of differentiation 
antigens, tissue-specific antigens, developmental antigens, tumor-associated viral antigens, 
cancer-testis antigens, embryonic antigens, oncoprotein antigens, over-expressed protein 
antigens and mutated protein antigens. In one embodiment, the tumor antigen is selected 
from the group consisting of mesothelin, Spl7, gplOO, , PR3, PAGE-4, TARP, "WT-1, NY- 
ESO-1 and SPAS-1. In one embodiment, the microbial nucleic acid is modified by a 
method selected from the group consisting of exposing the microbe to radiation and 
reacting the microbe with a nucleic acid targeted compound that causes the modification of 
the microbial nucleic acid. In a preferred embodiment, the microbial nucleic acid is 
modified by reacting the microbe with a nucleic acid targeted compound that reacts directly 
with the nucleic acid. In one embodiment, the nucleic acid targeted compound is targeted 
to the nucleic acid by a mode selected from the group consisting of intercalation^ minor 
groove binding, major groove binding, electrostatic binding, and sequence-specific binding. 
In one embodiment, the nucleic acid targeted compound comprises a nucleic acid alkylator. 
In a preferred embodiment, the nucleic acid targeted compound is P-alanine, N-Cacridin-9- 
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yl), 2-[bis(2-chloroethyl)amino]ethyl ester. In one embodiment, the nucleic acid targeted 
compound that reacts directly with the nucleic acid reacts upon activation of the compound 
by irradiation, preferably by UVA irradiation. In one embodiment, the? nucleic acid 
targeted compound activated by UVA irradiation is a psoralen. In a preferred embodiment, 
the psoralen is 4H4-amino-2^xa)butyM,5^8-trimethylpsoralen, In otte embodiment, the 
nucleic acid targeted compound indirectly causes the modification of tfcie nucleic acid. In 
one embodiment, the nucleic acid targeted compound indirectly causes modification upon 
activation by irradiation, preferably by UVA irradiation. In one embodiment, the microbe 
comprises a genetic mutation. In one embodiment, the genetic mutation results in the 
attenuation of the ability of the microbe to repair microbial nucleic acid, that has been 
modified. In one embodiment, the genetic mutation is in the gene selected from the group 
consisting ofphrB, uvrA, uvrB, uvrC 9 uvrD and recA, or their functionally equivalent 
genes, depending on the genus and species of the microbe. In one embodiment, the 
mutation is in one or more of the genes selected from the group consisting of phrB, uvrA y 
uvrB, uvrC, avrD and recA, or their functionally equivalent genes. In one embodiment, the 
genetic mutation results in the attenuation in the activity of a DNA repair enzyme selected 
from the group consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA.. In a further 
embodiment, the microbes containing these mutations are modified by reaction with a 
psoralen activated by UVA irradiation. In a preferred embodiment, the psoralen is 4-(4- 
amixio-2-oxa)butyM,5^8-trimethylpsoralen. In one embodiment, the microbe is selected 
from the group consisting of bacteria, protozoa and fungi. In one embodiment, the microbe 
is a bacteria. In one embodiment, the bacteria is an intracellular bacteria. In a preferred 
embodiment, the bacteria is a Listeria^ preferably Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the ability 
of the Listeria to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria by phagocytic cells. In one embodiment, the Listeria mutation is in an 
internalin gene(s). In one embodiment, the Listeria mutation is in the gene selected from 
the group consisting of inlA, inlB y and any gene encoding an internalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the inlA and 
inlB genes. In one embodiment, ike Listeria comprises a mutation that results in the 
attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. In 
one embodiment, the Listeria mutation, is in the hly gene. In one embodiment, the Listeria 
comprises a mutation that results in the attenuation of the polymerization, of actin by the 
Listeria. In a preferred embodiment, tbe Listeria mutation is in the act A gene. In one 
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embodiment, the Listeria comprises mutations in the actA gene and one or more intemalin 
genes. In a preferred embodiment, the Listeria comprises a mutation in the actA gene and 
the MB gene, preferably the Listeria comprises an actA/inlB deletion mutant In a 
preferred embodiment, the Listeria monocytogenes actA/'mlB deletion mutant further 
comprises a deletion mutation in the iwrAB gene. 

[0152] In one embodiment, the invention includes a vaccine composition 

comprising a bacteria in wbich the bacterial nucleic acid is modified so that the 
proliferation of the bacteria is attenuated, wherein the bacterial gene expression is 
substantially unaffected. In one embodiment, the bacterial gene expression is substantially 
unaffected so that an antigen is expressed at a level sufficient to stimulate an immune 
response to the bacteria upon administration of the bacteria to an individual. In one 
embodiment, the proliferation of the bacteria is attenuated by at least about 0.3 log, also at 
-least about 1 log, about 2 log,- about 3 log, about 4 log, about 6 log, or at least about 8 log. 
In another embodiment, the proliferation of the microbe is attenuated by about 0.3 to > 10 
log, about 2 to >10 log, about 4 to >10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 
log, about 0.3-5 log, about 1-5 log, or about 2-5 log. In one embodiment, the expression of 
an antigen by the bacteria is at least about 10%, about 25%, about 50%, about 75%, or at 
least about 90% of the expression of the antigen by a bacteria in which the bacterial nucleic 
acid is not modified. In one embodiment, the bacterial nucleic acid is modified by a 
method selected from the group consisting of exposing the bacteria to radiation and 
reacting the bacteria with a nucleic acid targeted compound th_.at causes the modification of 
the bacterial nucleic acid. In a preferred embodiment, the bacterial nucleic acid is modified 
by reacting the bacteria with a nucleic acid targeted compound! that reacts directly with the 
nucleic acid. In one embodiment, the nucleic acid targeted compound is targeted to the 
nucleic acid by a mode selected from the group consisting of intercalation, minor groove 
binding, major groove binding, electrostatic binding, and sequence-specific binding. In one 
embodiment, the nucleic acid targeted compound comprises a nucleic acid alkylator. In a 
preferred embodiment, the nucleic acid targeted compound is p-alanine, N-(acridin-9-yl), 
2-[bis(2-chloroethyl)amino] ethyl ester. In one embodiment, tbie nucleic acid targeted 
compound that reacts directly with the nucleic acid reacts upon activation of the compound 
by irradiation, preferably by UV A irradiation. In one embodioaent, the nucleic acid 
targeted compound activated by UVA irradiation is a psoralen. In a preferred embodiment, 
the psoralen is 4 , -(4-amino-2^xa)butyl-4,5^8-trimethylpsoral©n. In one embodiment, the 
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nucleic acid targeted compound indirectly causes toe modification of the nucleic acid. In 
one embodiment, the nucleic acid targeted compound indirectly causes modification "upon 
activation by irradiation, preferably by UVA irradiation. In one embodiment, the bacteria 
comprises a genetic mutation. In one embodiment, the genetic mutation results in the 
attenuation, of the ability of the bacteria to repair bacterial nucleic acid that has been 
modified. In one embodiment, the genetic mutation is in the gene selected from the group 
consisting of phrB, uvrA, uvrB, uvrC, uvrD and recA, or their functionally equivalent 
genes, depending on the genus and species of the bacteria. In one embodiment, the 
mutation is in one or more of the genes selected from the group consisting of phrB, vcyrA, 
uvrB, uvrC, uvrD and recA, or their functionally equivalent genes. In one embodiment, the 
genetic mutation results in the attenuation in the activity of a DNA repair enzyme selected 
from the group consisting of PhrB, UvrA, UvrB, UvrC, UvrD and RecA. In a preferred 
embodiment, thfe bacteria containing these mutatioixs are modified by reaction-with a 
psoralen activated by UVA irradiation. In a preferred embodiment, the psoralen is 4'-(4- 
amino-2-oxa)butyl-4,5',8-trimethylpsoralen. In one embodiment, the bacteria is selected 
from the group consisting of Gram positive bacteria, Gram negative bacteria, intracellular 
bacteria and mycobacteria. In one embodiment, the bacteria is selected from the groiap 
consisting of Bacillus anthracis, Cholera, Bordetella pertussis, Corynebacterium 
diphtherias, E. coli, Borrelia burgdorferi (Lyme), Streptococcus pneumoniae, Salmonella, 
Staphylococcus sp., Mycobacterium tuberculosis, Brucella abortus, Brucella melitensis, 
Haemophilus influenzae, Neisseria meningitides, Yersinia pestis, Shigella sp., Francisella 
tulraensis, and Streptococcus pyogenes. In one embodiment, the bacteria is a 
mycobacteria. In one embodiment, the mycobacteria is Mycobacterium tuberculosis. In 
one embodiment, the Mycobacterium tuberculosis comprises a uvrAB deletion mutation. In 
one embodiment, the Mycobacterium tuberculosis comprises a conditional recA mutation. 
In one embodiment, the bacteria is an intracellular bacteria. In one embodiment, the 
intracellular bacteria is Bacillus anthracis. In one embodiment, the Bacillus anthracis 
comprises a uvrAB deletion mutation. In one embodiment, the Bacillus anthracis 
comprises a conditional recA mutation. In one embodiment, the intracellular bacteria, is 
Yersinia pestis. In one embodiment, the Yersinia pestis comprises a uvrAB deletion 
mutation. In one embodiment, the Yersinia pestis comprises a conditional recA mutation. 
[0153] The invention includes medicaments comprising the above compositions 

and methods of use of the above compositions, such, as vaccination of an individual. In one 
embodiment, the invention includes a method of using a vaccine of the present invention 
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comprising administering the vaccine to an individual. In one embodiment, the vaccination 
is performed by administration of the vaccine by a route selected from the group consisting 
of oral, nasal, intraveneous, intradermal, intraperitoneal, intramuscular, intralymphatic, and 
subcutaneous. In one embodiment, the vaccine is administered using a prophylactic 
regimen to an individual having no signs of the disease against which the vaccine is 
targeted. In one embodiment, the vaccine is administered using a therapeutic regimen to an 
individual having symptoms of the disease against which the vaccine is targeted In one 
embodiment, the vaccine comprises a tumor antigen targeting a cancer and the therapeutic 
vaccination results in a lessening of the symptoms of the cancer. In one embodiment, the 
mean, tumor volume in a vaccinated individual decreases by at least aboxit 5%, also about 
10%, also about 25%, also about 50%, also about 75%, also about 90% or about 100%. In 
one embodiment, the vaccine is administered to a mouse using either a prophylactic or 
therapeutic regimen, wherein the mouse is a model system that can be irnplanted-with 
tumor cells in order to establish tumors in the mice, wherein the vaccine contains at least 
one antigen of the implanted tumor. The tumors are implanted in the mice either after 
(prophylactic regimen) or before (therapeutic regimen) the vaccine is administered to the 
mice. In one embodiment, the mean tumor volumes in mice vaccinated using either a 
prophylactic or a therapeutic regimen are less than the tumor volumes iix similar mice that 
are either not vaccinated, or are vaccinated with a similar vaccine vehicle that expresses an 
irrelevant antigen (control mice). In one embodiment, the mean tumor volumes in the 
vaccinated mice is at least about 5%, about 10%, about 25%, about 50% 3 about 75%, about 
90% or about 100% less than the mean tunxor volumes in the control mice. In one 
embodiment, the median survival time of the mice vaccinated using either a prophylactic or 
a therapeutic regimen is at least about 2, about 5, about 7 or at least aboixt 10 days longer 
than in the control mice. 

[0154] In one embodiment, the invention includes a method of irtaking a vaccine 

composition comprising treating a microbial population so that the microbial nucleic acid is 
modified so that the proliferation of the microbial population is attenuated, wherein the 
microbial gene expression is substantially unaffected. In another embodiment, the 
invention includes a method of making a vaccine composition comprising treating a 
microbial population so that the microbial rtucleic acid is modified so that the proliferation 
of the microbial population is attenuated, wlterein the microbial gene expression is 
substantially unaffected, and then using that microbial population to load, an antigen- 
presenting cell with antigen and induce activation/maturation of the antigen-presenting cell. 
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In one embodiment, the microbial population is treated by irradiation. In one embodiment, 
the microbial population is treated by reacting with a nucleic acid targeted compound that 
indirectly causes the modification of the nucleic acid. In a further embodiment, the nucleic 
acid targeted compound is activated by irradiation, wherein activation of the compound 
causes the indirect modification of the nucleic acid. In a further embodiment, activation of 
the nucleic acid targeted compound results in a reactive oxygen species that modifies the 
nucleic acid. In one embodiment, the microbial population is treated by reacting with a 
nucleic acid targeted compound that reacts directly with the nucleic acid. In one 
embodiment, the nucleic acid targeted compound is reacted at a concentration of about 10 
pM to 10 mM, also about 100 pM to 1 mM, also about 1-500 nM, also about 1-200 nM or 
about 1-100 nM. In one embodiment, the nucleic acid targeted compound comprises an 
alkylator. In one embodiment, the alkylator is selected from the .group consisting of 
mustards, mustard interrnediates and mustard equivalents. In one embodiment, the nucleic 
acid targeted compound comprises a nucleic acid targeting group selected from the group 
consisting of intercalators, minor groove binders, major groove binders, electrostatic 
binders, and sequence-specific binders. In one embodiment, the mucleic acid targeted 
compound reacts directly with the nucleic acid upon activation of the compound. In one 
embodiment, the activation of the compound is by irradiation. In. one embodiment, the 
irradiation is UVA irradiation. In a preferred embodiment, the niacleic acid targeted 
compound is a psoralen compound activated by UVA irradiation. In one embodiment, the 
psoralen compound is at a concentration of about 10 pM to 10 mIM, also about 100 pM to 1 
mM, also about 1-50O nM, also about 1-200 nM or about 1-100 dlM, and the UVA 
irradiation is at a dose of about 0.1 - 100 J/cm 2 , also about 0.1-20 J/cm 2 , or about 0.5-5 
J/cm 2 or about 24 J/cm 2 . In one embodiment, the proliferation of the microbial population 
is attenuated by at least about 0.3 log, also at least about 1 log, about 2 log, about 3 log, 
about 4 log, about 6 log, or at least about 8 log. In another embodiment, the proliferation of 
the microbial population is attenuated by about 0.3 to > 10 log, at>out 2 to >10 log, about 4 
to >10 log, about 6 to >10 log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 1-5 
log, or about 2-5 log. In one embodiment, the expression of an antigen by the microbial 
population is at least about 10%, about 25%, about 50%, about 75%, or at least about 90% 
of the expression of th.© antigen by a microbial population that has not been treated to 
modify the nucleic acid. In one embodiment, the antigen expressed is an antigen from the 
microbe itself. In one embodiment, the microbe is Mycobacterium tuberculosis and the 
antigen is from Mycobacterium tuberculosis. In one embodiment, the microbe is Bacillus 
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anthracis and the antigen is from Bacillus anthracis. In one embodiment, the microbe 
comprises a heterologous nucleic acid sequence encoding an antigen. In one embodiment, 
the antigen is a disease associated antigen. In one embodiment, the antigen is associated 
with a disease selected from the group consisting of infectious diseases, autoimmune 
diseases, allergies, cancers, and other hypeiproliferative diseases. In one embodiment, the 
antigen is a tumor associated antigen. In one embodiment, the tumor antigen is selected, 
from the group consisting of differentiation antigens, tissue specific antigens, 
developmental antigens, tumor-associated viral antigens, cancer-testis antigens, embryoruc 
antigens, oncoprotein antigens, over-expressed protein antigens and mutated protein 
antigens. In one embodiment, the tumor antigen is selected from the group consisting of 
mesothelin, Spl7, gplOO, PR3, PAGE-4, TARP, WT-l, NY-ESO-1 and SPAS-1. In one 
embodiment, the microbe comprises a genetic mutation. In one embodiment, the genetio 
mutation results in the attenuation of the ability of the microbe to repair microbial nucleic - 
acid that has been modified. In one embodiment, the genetic mutation is in the gene 
selected from the group consisting ofphrB, uvrA, wvrB, uvrC, uvrD and recA, or their 
functionally equivalent genes, depending on the genus and species of the microbe. In one 
embodiment, the genetic mutation is in one or more of the genes selected from the group 
consisting of j>hr&, uvrA, uvrB, wvrC, uvrD and recA, or their functionally equivalent 
genes. In one embodiment, the genetic mutation results in the attenuation in die activity of 
a DNA repair enzyme selected from the group consisting of PhrB, UvrA, UvrB, UvrC, 
UvrD and RecA. In a further embodiment, microbes having these mutations are treated 
with a psoralen activated by UVA irradiation. In one embodiment, the microbe is selected 
from the group consisting of bacteria, protozoa and fungi. In one embodiment, the microbe 
is a bacteria. In one embodiment, the bacteria is an intracellular bacteria. In a preferred 
embodiment, the bacteria is a Listeria, preferably Listeria monocytogenes. In one 
embodiment, the Listeria comprises a mutation that results in the attenuation of the ability 
of the Listeria to invade non-phagocytic cells without significantly affecting the uptake of 
the Listeria by phagocytic cells. In one embodiment, thte Listeria mutation is in an 
internalin gene(s). In one embodiment, the Listeria mutation is in the gene selected from 
the group consisting of iw/A, i«ZB, and any gene encoding an internalin. In one 
embodiment, the Listeria monocytogenes comprises a genetic mutation in both the inlA and 
inlB genes. In. one embodiment, the Listeria comprises a mutation that results in the 
attenuation of the ability of the Listeria to escape the phagolysosome of an infected cell. En 
one embodiment, the Listeria mutation is in the My gene. In one embodiment, the Listeria 
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comprises a mutation that results in the attenuation of the polymerization of" actin by the 
Listeria. In a preferred embodiment, the Listeria mutation is in the actA genie. In one 
embodiment, the Listeria comprises mutations in the actA gene and one or more internalin 
genes. In a preferred embodiment, the Listeria comprises a mutation in the actA gene and 
the MB gene, preferably the Listeria comprises an actA/inlB deletion mutant In a 
preferred embodiment, ^Listeria monocytogenes actA/inlB deletion mutaxit further 
comprises a deletion mutation in the wrAB gene?. 

EXAMPLES 
EXAMPLE 1 

Psoralen treatment of Listeria strains providing attenuation of proliferation while 
~~" maintaining expression of OVA antigen. 

[0155] Several strains of Listeria monocytogenes that have been modified to 

express ovalbumin, a heterologous chicken OVA antigen, were reacted witbt 4'-(4-amino-2- 
oxa)butyM,5 f ,8-trimethylpsoralen (S-59 prepared from solid (Ash-Stevens,, Riverview, MI) 
as 3 mM solution by Ben Venue, Cleveland, OH (see US patent 5,399,719)} and UVA light 
(320-400 mn). The resulting Listeria were assayed to assess the reduction in the log titer of 
viable Listeria as well as for the expression of ttie OVA antigen by the List&ria. The 
Listeria strains were provided by Dr. Dan Portnoy at the University of California, Berkeley 
and modified to contain the OVA antigen as discussed in Example 8. These were DP- 
L4056 (wild-type), DP-L4029 (10403S AactA, phage cured deletion mutation in the Act A 
gene, see Skoble et al., Journal of Cell Biology, 150:527-537 (2000) and Lauer et al., 
Journal of Bacteriology 184(15):4177-4186 (20O2)), DP-L4364 (10403S AlplA, deletion 
mutation in phospholipase A gene) and DP-L40 17 (10403S hlyL46iT, point mutation in the 
hemolysin gene, see Glomski et al., Journal of Cell Biology 156(6): 1029-L 038, (2002)). 
The strains were grown in BHI medium (Brain Heart Infusion, Fisher Scientific) at 37 °C at 
300 rpm to a concentration of approximately 1 x 10 9 CFU/tnL (to an absorbance at 600 nm 
of 0.5). A 1.0 triT. aliquot of each strain was transferred to duplicate 15 mL tubes. Each 
tube was centrifixged at 4 °C for 20 minutes at 2300 x g, the supernatant removed and 5 mL 
of PBS (phosphate buffered saline, Hyclone) with 1% BSA with and without the S-59 was 
added to the duplicate tubes (1 x 10 8 CFU/mL). The S-59 was added at a concentration of 
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100 nM. Samples were placed in 6 well culture plates and UVA irradiated at a dose of 
approximately 2 J/cm 2 (FX1019 irradiation device, Baxter Fenwal, Round Lake, IL). Each 
sample was then transferred to a 15 rnJ, tube, centrifuged as above, and the supernatant 
removed. These were washed with 5 mL of PBS, centrifuged and the supernatant removed 
and the final bacterial pellet was suspended in 0.5 mL of PBS. A 100 iiL sample of each 
was used to determine the bacterial titer by serial dilution. Each dilution was plated onto 
an LB (Luria-Bertani, Q-Biogene, Carlsbad, CA) plate and incubated overnight at 37 °C 
and the colonies were counted to measure the bacterial titer. 

[0156] The antigen presentation of the bacterial samples was assessed using a 

murine DC 2.4 cell line (dendritic cell line from the Dana Farber Cancer Institute, see Shen 
et al., J Immunol 158(6):2723-30 (1997)) and a B3Z T cell hybridoma (obtained from Dr. 
Shastri, University of California, Berkeley). The B3Z is a lacZ inducible CD8+ T cell 
hybridoma thatrexpresses a P-galactosidase gene upon recognition of OVA antigen in 
context of MHC class I molecules. Ttie metabolism of CPRG (chlorophenolred-p-D- 
galactopyranoside, Calbiochem, La Jolla, CA), a substrate for the (3-galactosidase, was used 
to assess the level of (3-galactosidase produced, which is direcdy correlated to the amount 
of OVA antigen presented by the DC 2.4 cells. The DC 2.4 cells and the B3Z T cell hybrid 
were maintained in RPMI 1640 culture medium (RPMI, Invitrogen) with 10% FBS (fetal 
bovine serum, HyClone ). The DC 2.4 cells were transferred in 20O \iL aliquots to the 
wells of a 96 well culture plate (1 x 10 5 DC 2.4 per well). The bacterial samples were 
serially diluted 50 jjL stock to 450 jiL PBS down to 1 x 10 5 CFU/mJL (S-59 treated samples 
are CFU equivalents, i.e. it is the number of colony forming units prior to S-59 treatment). 
A 20 jiL aliquot of each dilution is transferred to a well containing ttie DC 2.4 cells to give 
approximately 1 x 10 4 , 1 x 10 s , 1 x 10 6 , 1 x 10 7 , or 1 x 10 8 CFU/mL. In addition, a 20 nL 
aliquot of PBS only was added as a negative control. The samples v^ere incubated for 1 
hour at 3 7 °C in 5% C0 2 . The plate was washed three times with PB S to remove 
extracellular bacteria. A 200 \xL aliquot of B3Z T cells (1 x 10 5 cell> and 100 |Ag/mL 
Gentamycin (Sigma) was added to each, well As a positive control, 100 nM SL8 OVA257- 
264 peptide (SL8 OVA antigen, SHNFEKL, SEQ ID NO:l, Invitrogerr, San Diego, CA) was 
added to a well containing 1 x 10 5 each of the DC 2.4 and B3Z cells. The sampes were 
incubated overnight at 37 °C in 5% CO2- The plate was centrifuged for 3 minutes at 400 x 
g and eaah well washed with 250 yL of PBS. A 100 \xL aliquot of PBS containing 100 |iM 
2-mercaptoethanol, 9 mM MgCl 2 , 0.125% Igepal CA-630 
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((Octaphenoxy)polyethoxyethanol, Sigma), and 0.15 mM CPRG was added to each well. 
The samples were incubated at 37 °C for at least 4 hours. The absorbance was measured at 
595 nm with a reference measurement at 655 nm using a plate reader. The results for the 
bacterial titer and the antigen presentation of S-59 treated relative to the untreated (100 
bacteria per DC 2.4) is given in Table 1 . The results indicate that at a level of 100 bacterial 
cells added per DC 2.4, the antigen presentation is approximately 55-85% of the untreated 
sample. Since the bacterial titer was reduced by approximately 10^, this indicates that 
sufficient antigen presentation is maintained with considerable attenuation of the 
proliferation of the Listeria. 

Table 1 Log attenuation and antigen presentation of Listeria, strains expressing OVA 
antigen treated with 100 dM psoralen S-59 and 2 J/cm 2 UVA light. 



Listeria strain 


Log attenuation 


% antigen presented* 


DP-L4056 


4.02 


74.6 


DP-L4029 


4.14 


54.9 


DP-L4364 


4.53 


84.3 


DP-L4017 


4.11 


55.2 



* As percent of untreated, measured at 100 Listeria per DC 2.4 cell. 



[01571 A similar procedure was done using the DP-L405 6 wild-type strain. The 

bacteria was treated with 100, 200, 400, 800 or 1000 nM S-59, the remaining titer 
determined and the antigen presentation measured as detailed above. The results for the 
bacterial titer and antigen presentation (100 Listeria per DC 2.4 cell) are shown in Table 2 
and plotted in Figure 1. This data indicates that the antigen preseixtation is significant over 
a broad range of attenuation in the Listeria growth, including presentation of antigen with 
complete inhibition of proliferation (i.e. to the limit of detection). 



Table 2 Log attenuation and antigen presentation of Listeria strain DP-L4056 

expressing OVA antigen treated with varying concentrations of psoralen S- 
59 and 2 J/cm 2 UVA light. 



S-59 concentration 
(nM) 


Log titer 


Log attenuation 


% antigen 
presented* 


0 


8.64 


0 




100 


4.34 


4.30 


75.0 
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200 


3.10 


5.5^4 


58.9 


400 


2.48 


6.16 


30.3 


800 


<1 


>7.54 


23.6 


1000 


<1 


>7.64 


5.6 



As percent of untreated, measured at 100 Listeria per DC 2.4 cell. 



EXAMPLE 2 

DNA targeted alkylator treatment of Listeria strains providing attenuation of proliferation 
while maintaining expression of OVA antigen. 

[01S8] A procedure was done similarly to Example 1 only using the compound! {3- 

alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino] ethyl ester (Compound 1, ChemSyn, 
Harrisonville, MO, see US patent 6,093,725). The Listeria strains used were DP-L405 6 
and DP-L4017. Compound 1 (1 mM in acidic BBS (blood bank saline), 135 \xl of 1.48: M 
H3PO4 per 100 mL BBS) was added to 5 mL of bacteria at 1 x 10 8 CFU/mL to 
concentrations of 0, 0.5, 1, 2, 5, and 10 jiM and the samples incubated for 2 hours at ro om 
temperature. After the incubation, the bacterial titer and antigen presentation was assessed 
as per Example 1 . For the antigen presentation, the Listeria strains were diluted to 1 x 1 0 2 , 
1 x 10 3 , 1 x 10 4 , 1 x 10 5 , 1 x 10 6 , or 1 x 10 7 CFU/mL. The log titer, log attenuation and 
antigen presentiori as a percent of untreated (1 Listeria per E>C 2.4) as a function of 
compound 1 concentration is given in Table 3 and Figures 2 A,B. The results indicate tibat 
compound 1 is also effective, e.g. at 1 \iM, at providing sufficient antigen presentation ^vith 
considerable attenuation of the proliferation of the Listeria. 

Table 3 Log attenuation and antigen presentation of Listeria strains treated with 



varying concentrations of compound 1 . 



[compound 1] 


Log attenuation 


% antigen presented* 


uM 


DP-L4056 


DP-L4017 


DP-L4056 


DP-L4017 


0.5 . 


1.04 


1.02 


56.6 


70.0 


1 


3.47 


3.43 


35.0 


43.0 


2 


6.47 


6.52 


18.5 


25.4 


5 


>7.0 


>7.0 


3.7 


2.0 


10 


>7.0 


>7.0 


Not measured 


Not measured 
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* As percent of untreated, measured at 1 Listeria per DC 2.4 cell. 

EXAMPLE 3 

Comparison of attenuation of proliferation by psoralen treatment of wvrAB mutant vs. wild- 
type Escherichia coll 

[0159] The psoralen treatment of a mutant Escherichia coli (E. coll) strain that is 

deficient in the ability to repair nucleic acid damage was compared to a wild-type strain. E. 
coli strains AB1 157 (wild-type) and CSR 603 (uvrA, recA,phr mutant obtained from Dr. 
Aziz Sancar, University of North Carolina, see Harm, Mutation Research 60:263-270 
(1979))- This example compares the attenuation of AB1 157 vs mutant CSR603 grown in 3 
ml. of LB media with streptomycin overnight at 37 °C on an orbital shaker at 250 rpm. A 2 
ml aliquot of this was added to 100 rnL of LB media at 30 °C and-placed on the shaker for 
approximately 5 hours, until the absorbance at 600 nm was 0.9 OD, approximately 1 x 10 9 
CFU/mL. For each strain, approximately 0.5 mL of the bacterial stock was added to a 15 
mL tube and centrifuged at 4 °C for 20 minutes at 2300 x g. The supernatant was removed 
and each pellet was suspended in 5 niL of PBS containing 0, 1, 10, 100, and 1000 nM of 
psoralen S-59. Each sample was transferred to a 6 well culture plate and irradiated as per 
Example 1 . The samples were serially diluted and the titer determined as p er Example 1 . 
The results are shown in Table 4 and Figure 3. The results indicate that psoralen treatment 
of the wvrABC mutant results in greater attenuation in the proliferation of ttie bacteria 
(lower titer remaining) for a given psoralen concentration. 



Table 4 Attenuation of E coli wild-type vs. uvrABC mutant with psoralen treatment 



[S-59] 


Bacterial log titer 


Log attenuation 


nM 


Wild-type 


uvrABC mutant 


Wild-type 


wvrABC mutant 


O 


8.0 


7.75 






1 


8.08 


5.52 


0 


2.23 


lO 


7.99 


4.68 


0.01 


3.07 


100 


7.57 


3.1 


0.43 


4.9 


10O0 


4.91 


<1 


3.09 


>6.65 
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EXAMPLE 4 

Therapeutic vaccination of mice using Listeria strains with and without S-59 treatment. 

[0160] In order to assess the utility of S-59 treated Listeria as a vaccine, a C57B1/6 

mouse melanoma tumor model was used. C57B1/6 mice (Charles River, Hollister, C A) 
were shaved and implanted subcutaneously with 2 x 10 s B16.F10.Vlo520.10 cells (B16- 
OVA expressing melanoma cells obtained from Dr. Kenneth Rock, University of 
Massuchesetts, see Mandl et aL, Proc Natl Acad Sci USA 95:8216 ( 1998)) in 100 ^iL of 
HBSS. Listeria monocytogenes strains DP-L4056 and DP-L4017 containing the OVA 
antigen were prepared with or without S-59 treatment (20 nM S-59 XJVA dosed as per 
Example 1). In addition, the wild-type strain DP-L4056 without the OVA antigen was used 
as a control. The log titer of the S-59 treated samples was determined to assess the log 
attenuation due to the psoralen treatment (Table 6). The Listeria were suspended in HBSS 
(Hanks Balanced Salt Medium, Gibco) and groups of 10-12 mice were vaccinated three 
times with a 100 \xL intraperitoneal injection of each strain, as well as a group injected with 
HBSS vehicle. The vaccination dose (total CFU per vaccination) fox the various strains is 
indicated in Table 6. The doses corresponded to 0. 1 LDso for the non S-59 treated Listeria 
and the maximum possible dose for the S-59 treated Listeria. The vaccination was done at 
3,10 and 17 days after tumor implant. The mice were observed for palpable tumors. Once 
observed, the opposing diameters of the tumors were measured twice a week. If the tumor 
measured 20 mm in any direction, the mice were sacrificed. The mean tumor volume as a 
function of days post B16-OVA implant are shown in Figure 4 and Xable 5. The percent 
survival of mice per group is plotted in Figure 5 and the median survival is given in Table 
6. This example shows that high doses of S-59 treated Listeria strains can be safely given 
to mice, resulting in a good anti tumor response. 

Table 5 Tumor volume at days post implant for mice implanted with B16-OVA and 



vaccinated with the identified Listeria strains. 





Mean tumor volume (ram*) 


Vaccine sample 


Day 10 


Day 13 


Day 17 


Day 20 


Day 24 


HBSS 


48.2 


158.8 


515.1 


1603 


2444 


DP-L4056 


35.3 


123.6 


571.8 


1304 


2123 


DP-L4056-OVA 


34.6 


31.8 


36.6 


101.3 


404.8 
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DP-L4056-OVA+S-59 


18.9 


14.6 


14.9 


46.2 


210.^ 


DP-L4017-OVA 


22.7 


26.8 


73.8 


164.6 


689.5 


DP-L4017-OVA+S-59 


33.5 


56.7 


79.3 


146.3 


464.C 



Table 6 Vaccination dose and median survival fox Listeria strains with and witixout 



20 nM S-59 treatment (2 J/cm 2 UVA). 



Vaccination sample 


Dose (CFU) 


Median survival 
(days) 


Log titer 
reduction 


HBSS 




20 




DP-L4056 


5xl0 J 


22.5 




DP-L4056-OVA 


2 x10 s 


30 




DP-L4056-OVA + S-59 


1x10" 


30 


3.76* 


DP-L4017-OVA 


1 x 10' 


30 




DP-L4017-OVA+ S-59 


1x10" 


32 


4.27* 



Value is average of three preparations. 



EXAMPLE 5 

Assessment of antigen-specific immune responses after vaccination. 

[0161] The vaccines of the present invention can. be assessed using a variety of in 

vitro and in vivo methods. These methods are exemplified using a Listeria based vaccine 
but can be used to evaluate the potential efficacy of any microbial based vaccine of the 
present invention. 

[0162] Some assays involve the analysis of antigen-specific T cells from the 

spleens of mice that have been vaccinated. C57B1/6 mice are vaccinated, for example 
intraperitoneal injection of 0. 1 LD50, with a Listeria-OVJi. strain, where the Listeria may be 
treated to attenuate proliferation (e.g. S-59 treatment). Seven days after the vaccination, 
the spleen cells of the mice are harvested (typically 3 mice per group) by placing the 
spleens into ice cooled RPMI 1640 medium and preparing a single cell suspension from 
this. As an alternative, the lymph nodes of the mice could be similarly harvested, prepared 
as a single cell suspension and substituted for the spleen cells in the assays described 
below. Typically, spleen cells are assessed for intraveneous or intraperitoneal 
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administration of the vaccine while spleen cells and cells from lymph nodes are assessed 
for intramuscular, subcutaneous or intradermal administration of the vaccine. 
[0163] Unless otherwise noted, all antibodies used in these examples can be 

obtained from Phanningen, San Diego, CA. 
[0164] ELISPOT Assay: 

[0165] A Listeria strain having an OVA antigen is assessed for the quantitative 

frequency of antigen-specific T cells generated upon immunization in a moxose model using 
an ELISPOT assay. The antigen-specific T cells evaluated are OVA specific CD8+ or 
LLO specific CD8+ or CD4+ T cells. This OVA antigen model assesses the immune 
response to a heterologous tumor antigen inserted into the vaccine and could be substituted 
with any antigen of interest. The LLO antigen is specific to Listeria, and could be 
substituted for an appropriate antigen for any microbial vector used as the vaccine vehicle. 
The specific T cells are assessed by detection of cytokine release (e.g. IFN-y) upon 
recognition of the specific antigen. PVDF-based 96 well plates (BD Biosciences, San Jose, 
CA) are coated overnight at 4°C with an anti-murine IFN-y monoclonal antibody (mAb R4; 
5 ng/mL). The plates are washed and blocked for 2 hours at room temperature with 200 \xL 
of complete RPML Spleen cells from vaccinated mice (or non vaccinated control mice) are 
added at 2 x 10 5 cells per well and incubated for 20 to 22 hours at 37°C in tbte presence of 
various concentrations of peptides ranging from about 0.01 to 10 jaM. The peptides used 
are either SL8, an MHC class I epitope for OVA, LLOj 9 o (NEKYAQAYPNVS, SEQ ID 
NO:2 , Invitrogen) an MHC class II epitope for listeriolysin O {Listeria antigen), or LLO296 
(VAYGRQVYL, SEQ ID NO:3), an MHC class I epitope for listeriolysin 6. After 
washing, the plates are incubated with, secondary biotinylated antibodies specific for IFN-y 
(XMG1 .2) diluted in PBS to 0.5ng/mL. After incubation at room temperature for 2 hours, 
the plates are washed and incubated for 1 hour at 37 °C with a 1 nm gold goat anti-biotin 
conjugate (GAB-1; 1:200 dilution; Ted Pella, Redding, CA) diluted in PBS containing 1 % 
BSA. After thorough washing, the plates are incubated at room temperature for 2 to 10 
minutes with substrate (Silver Enhancing Kit; 30 jiiL/well; Ted Pella) for spot development 
The plates are then rinsed with distilled water to stop the substrate reaction. Aiter the plates 
have been air-dried, spots in each well are counted using an automated ELISPOT plate 
reader (CTL, Cleveland, OH). The cytokine response is expressed as the number of IFN-y 
spot-forming cells (SFCs) per 10 6 spleen cells for either the OVA specific T oells or the 
Listeria specific T cells. 
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Intracellular Cytokine Staining Assay (ICS): 
[0166] In order to further assess the number of antigen-specific CD8+ or CD4+ T 

cells and correlate the results with, those obtained from ELISPOT assays, ICS is performed 
and the cells evaluated by flow cytometry analysis. Spleen cells from vaccinated and 
control groups of mice are incubated with SL8 (stimulates OVA specific CD8+ cells) or 
LLO190 (stimulates LLO specific CD4+ cells) for 5 hours in the presence of Brefeldin A 
(Phanningen). The Brefeldin A inhibits secretion of the cytokines pro duced upon 
stimulation of the T cells. Spleen cells incubated with an irrelevant MHC class I peptide 
are used as controls. PMA (phorbol-12-myristate-13-acetate, Sigma) 20 ng/mL and 
ionomycin (Sigma) 2 p.g/mL stimulated spleen cells are used as a positive control for IFN-y 
and TKTF-a intracellular cytokine staining. For detection of cytoplasmic cytokine 
expression, cells are stained with FITC-anti-CD4 mAb (RM 4-5) and PerCP-anti-CD8 mAb 
(53-6.7), fixed and permeabilized with Cytofix/CytoPenn solution (Phanningen), and 
stained with PE-conjugated anti-TNF-a mAb (MP6-XT22) and APC-conjugated anti-XFN-y 
mAb (XMG1.2) for 30 minutes on ice. The percentage of cells expressing intracellular 
IFN-y and/or TNF-a was determined by flow cytometry (FACScalibur, Becton Dickinson, 
Mountain View, C A) and data analyzed using CELLQuest software (B ecton Dickinson 
Immuaocytometry System). As th.e fluorescent labels on the various antibodies can all be 
distinguished by the FACScalibur, the appropriate cells are identified by gating for those 
CD8+ and CD4+ that are stained with either or both of the anti-DFN-y or anti-TNF-a. This 
method can also be used to determine the immunogenicity of microbial vaccines, wherein a 
dendritic cell population, or another antigen presenting cell such as a nxacrophage 
population, is incubated with the microbial vector. The resulting antigen presenting cells 
are injected into the feet of the mice and the cell population from the lymph nodes is 
assessed for T cells as above. 

Cytokine Expression of Stimulated Spleen Cells: 
[0167] The level of cytokine secretion by the spleen cells of mice can also be 

assessed for control and vaccinated C57B1/6 mice. Spleen cells are stimulated for 24 hours 
with SL8 or LLO190. Stimulation with irrelevant peptide HSV-gB 2 (Invitrogen, 
SSIEFARL, SEQ ID NO:4) is used as a control. The supernatants of th.e stimulated cells 
are collected and the levels of T helper- 1 and T helper 2 cytokines are detennined using an 
EUS A assay (eBiosciences, CO) or a Cytometric Bead Array Kit (Pharmingen). 
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[0168] Assessment of Cytotoxic T cell Activity: 

[01691 The OVA specific CD8+ T cells can be further evaluated by assessing their 

cytotoxic activity, either in vitro or directly in C57B1/6 mouse in vivo. The CD8+ T cells 
recognize and lyse their respective target cells in an antig; en-specific manner. In vitro 
cytotoxicity is determined using a chromium release assay. Spleen cells of naive and 
Listeria-OVA (internal) vaccinated mice are stimulated art a 10: 1 ratio with either irradiated 
EG7-OVA cells (EL-4 tumor cell line transfected to express OVA, ATCC, Manassas, VA) 
or with 100 nM SL8, in order to expand the OVA specific T cells in the spleen cell 
population. After 7 days of culture, the cytotoxic activity" of the effector cells is determined 
in a standard 4-hour 51 Cr-release assay using EG7.0VA or SL8 pulsed EL-4 cells (ATCC, 
Manassas, VA) as target cells and EL-4 cells alone as negative control. The YAC-1 cell 
line (ATCC, Manassas, VA) is used as targets to determine NK cell activity, in order to 
distinguish tte activity due to T cells from that due to NK- cells. The percentage of specific 
cytotoxicity is calculated as 100 x (experimental release — spontaneous release) / (maximal 
release - spontaneous release). Spontaneous release is determined by incubation of target 
cells without effector cells. Maximal release is determined by lysing cells with 0.1% Txiton 
X-100. Experiments are considered valid for analysis if sportfaneous release is < 20% o jf 
maximal release. 

[0170] For the assessment of cytotoxic activity of OVA-specific CD8+ T cells in 

vivo, spleen cells from naiVe C57B1/6 mice are split into two equivalent aliquots. Each 
group is pulsed with a specific peptide, either target (SL8) or control (HSV-gB 2 ), at 0.5 
jug/mL for 90 minutes at 37 °C. Cells are then washed 3 times in medium, and twice in 
PBS + 0.1% BSA. Cells are xesuspended at 1 x 10 7 per ml in warm PBS + 0.1% BSA <10 
mL or less) for labeling with carboxyfluorescein diacetate succinimidyl ester (CFSE, 
Molecular Probes, Eugene, OR). To the target cell suspension, 1.25 \xL of a 5mM stock: of 
CFSE is added and the sample mixed by vortexing. To the control cell suspension, a ten- 
fold dilution of the CFSE stock is added and the sample mixed by vortexing. The cells are 
incubated at 37 °C for 10 minutes. Staining is stopped by addition of a large volume 
(>40 mL) of ice-cold PBS. The cells are washed twice at room temperature with PBS, then 
resuspended and counted. Each cell suspension is diluted to 50 x 10 6 per mL, and 100 
of each population is mixed and injected via the tail vein of either naive or vaccinated mice. 
After 12-24 hours, the spleens are harvested and a total of 5 x 10 6 cells are analyzed by 
flow cytometry. The high (target) and low (control) fluorescent peaks are enumerated, and 
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the ratio of the two is used to establish the percentage of target cell lysis. The in vivo 
cytotoxicity assay permits the assessment of lytic activity of antigen-specific T cells 
without the need of in vitro re-stimulation. Furthermore, this assays assesses theT cell 
function in their native environment. 

EXAMPLE 6 

ELISPOT and ICS analysis of spleen cells from mice vaccinated with Listeria DP-L4056 

with and without S-59. treatment. 

[0171] . Listeria strain DP-L4056 with or without the OVA antigen was prepared 
with or without S-59 treatment and used to vaccinate C57B1/6 mice as per Example A 
(HBSS control as well), with the exception that administration was intraveneous. Tlie 
vaccination was done on naive mice at the doses indicated in Tables 7 and 8. The spleens 
were harvested at 12 days post vaccination. The spleens were assessed by ICS and 
ELISPOT assays as per Example 5. In addition, the LD50 was assessed for these Listeria. 
The ICS assay results for both LLO190 specific CD4 + T cells and OVA specific CDS"*" T 
cells, in terms of percent of cells positive for both TNT-a and IFN-y, are given in Table 7 
and Figures 6A,B. The ELISPOT assays, in terms of IFN-y SFC per 2 x 10 5 spleen cells is 
given in table 8 and Figure 7. These results indicate that the S-59 treated sample with OVA 
stimulates an OVA specific response when dosed at 1 00-fold excess of the non S-59 treated 
sample. While the positive OVA specific response is not observed at lower doses, thus still 
provides an increased safety margin as the S-59 treated sample was attenuated by 4 log. In 
addition, the LD 50 was 10 3 -fold higher for the S-59 treated relative to the untreated sample, 
indicating that even dosing at 100-fold higher levels, there is a 10-fold level of safety 
relative to the untreated Listeria. 

Table 7 Percent of spleen cells that are both TNF-a and IFN-y positive for mice 



vaccinated with DP-L4056 with or without OVA, with or without S-5 9 
treatment. 





% TNF-o/EFN-y positive 


Vaccine sample 


S-59 treatment 


Vaccination dose 


LLO 


OVA 


HBSS 


No 




0.00 


0.02 


DP-L4056 


No 


lx lO* 


1.49 


0.01 


DP-L4056 


Yes 


lxlO a 


0.63 


0.02 
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DP-L4056-OVA 


No 


1x10 s 


1.78 


1.79 


TNT* T A /""V f f y— T A 

DP-L4056-OVA 


Yes 


1 x 10 s 


0.02 


0.02 


DP-L4056-OVA 


Yes 


1x10° 


0.06 


0.08 


DP-L4056-OVA 


Yes 


1x10' 


0.19 


0.83 


DP-L4056-OVA 


Yes 


1 xlO 8 


0.14 


0.50 



Table 8 IFN-y SFC per 10 6 spleen cells for mice vaccinated with DP-LA056 with or 

without OVA, with or without S-59 treatment 





SCF per 2 x 10 s spleen cells for indicated peptide 


Vaccine sample 


Dose 


Control 


SL8 


LLO190 


LLO296 


HBSS 




3 


4 


3 


3 


DP-L4056 


1x10 s 


6 


7 


176 


31 


DP-L4056 +S-59 


1x10 s 


5 


3 


104 


87 


DP-L4056-OVA 


1x10 s 


11 


292 


238 


31 


DP-L4056-OVA +S-59 


1x10 s 


3 


8 


9 


7 


DP-U056-OVA +S-59 


lxlO 6 


4 


7 


10 


4 


DP-L4056-OVA +S-59 


1 x 10' 


4 


172 


59 


11 


DP-L4056-OVA +S-59 


1x10" 


10 


171 


97 


24 



EXAMPLE 7 

Construction of pKSV7-dlBsrFI uvrAB for deletion of uvrAB 
from Listeria by allelic exchange. 

[0172] A mutant strain of Listeria unable to repair damage to DNA induced by 

treatment with psoralen and UVA light was created by substantially deleting th<3 ultraviolet 
light resistance (uvr) AB gene (uvrAB) in Listeria. These mutants are known as DNA 
repair mutants, or alternatively, nucleotide excision repair (NER) mutants. Deletion of 
uvrAB from Listeria was accomplished by allelic exchange [Camilli et al., Molecular 
Microbiology 8:143-147 (1993)]. As an example that uvrAB could be deleted &om any 
Listeria strain, uvrAB was deleted from the Listeria monocytogenes strains shown in Table 
9. 



79 



WO 2004/084936 PCT/US2004/003671 

Table 9. Parent Listeria monocytogenes strains used for de3etion of wv/v42? by allelic 
exchange. 



Listeria strain 


Genotype 


Reference 


DP-L4056 


10403S wild-type, phage cured 


Laueret. al., J. Bacteriol. 184:4177- 
4186(2002). 


DP-L4017 


10403S,L461TLLO 


Glomski et. al., J. Cell Biol. 
156:1029-1038 (2001). 


DP-L4029 


10403S AactA, phage cured 


Laueret. al., J. Bacteriol. 184:4177- 
4186(2002); Skoble et. al., J Cell 
Biol. 150:527-38 (2000). 



[0173] The uvrA and uvrB genes encode 2 of the 3 proteins of the ABC 

excinuclease complex required for nucleotide-excision repair (NER) in Listeria and other 
bacterial strains of DNA damage inflicted by UV and other agents. The uvrA and uvrB 
genes comprise the same operon in the Listeria genome, and "were thus deleted together in 
the Listeria strains shown in Table 9. The uvrA gene maps from Listeria nts. 2562547 to 
2565461 (SEQ ID NO:5), and the uvrB gene maps from Listeria nts. 2565469 to 2567459 
(SEQ ID NO:6 )[Glaser et. al., Science 294:849-852 (2001)]. To delete uvrAB by allelic 
exchange, the uvrAB gene was first amplified by PCR, using forward and reverse primers 
that were approximately 9O0 base pairs (bps) upstream and downstream, respectively, of 
uvrAB. The Listeria uvrAB amplicon was generated using PCR primers Lm-2561677F 
(SEQ ID NO:7) and Lm-2S68330R (SEQ ID NO:8) and DP-L^4056 as template, and was 
6654 base bps long, encompassing Listeria nts. 2561677-2568330 (SEQ ID NO:9). 
Listeria wild-type strain DP-L4056 was cultured overnight at 30 °C in Brain Heart Infusion 
broth (BHI, Difco), and 10 \\L of a washed bacterial suspension (prepared by centrifugation 
of the 3 ml overnight culture, re-suspension of the bacterial pellet in 5 ml PBS, re- 
centrifiigation, and followed by a final re-suspension of Hhs Listeria pellet in 1 ml of PBS), 
was added to a PCR reaction having a final volume of 100 \iL 9 that also contained 0.2 \M 
each of Lm-2561677F and Lm-2568330R primers, 2 pf Vent DNA polymerase (New 
England Biolabs), together with deoxynucleotide triphospates, buffer, and MgSCU 
according to the recommeadations of the supplier. Successful PCR was confirmed by 
0.8% agarose gel electrophoresis in TAE buffer, as demonstrated by the presence of a 
distinct 6654 bp band following staining with ethidium bromide and visualization by 
illumination with UV light. The amplicon product was purified from the PCR reaction 
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using GeneClean (Qbiogene, Carlsbad, CA), in a final volume of 50 nL_ Subsequently, the 
amplicon was inserted into the pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA), using 5 

of the purified uvrAB amplicon in the ligation mixture. Restriction enzymes were 
purchased from New England Biolabs (Beverly, MA). The correct construction of the 
pCR2. l-TOPO-«vr^8 plasmid was verified by digestion with BsrFI (New England 
Biolabs), followed by 1% agarose/TAE electrophoresis, yielding fragmexits of 4612; 1388, 
1094, 181, 886 and 2424 base pairs. 

[01T4] The pCR2 . l-T0?O-uvrAB plasmid was used subsequently to generate a 

plasmid for allelic exchange, in which nts 2562709 to 2567320 of uvrAB (4612 bps) were 
deleted. All restriction enzymes and T4 DNA ligase for recombinant plasmid construction 
were obtained from New England Biolabs. To accomplish the deletion of uvrAB sequence, 
one aliquot of the pCR-TOPO/wr^LB plasmid (approximately 2 \xg) was digested with 
HindHI, BsrFl7and BgUI and the 1092 base pair fragment was purified by 1% agarose/TAE 
gel electrophoresis and GeneClean. In parallel, a second aliquot (approximately 2 jiig) was 
digested with Xhol, BsrFI, and BgUI enzymes, and the 1050 base pair fragment was 
purified by 1% agarose/TAE gel electrophoresis and GeneClean. The two 1092 bp and 
105O bp fragments containing compatible BsrFI ends were ligated together and the 2142 bp 
ligation product was purified using GeneClean. One portion of the 2142 bp ligation 
product was digested with PstI and the 1486 bp fragment was purified by 1% agarose/TAE 
gel electrophoresis and GeneClean. A second portion of the 2142 bp ligation product was 
digested with Kpnl and PstI, and the 622 bp fragment was purified by 1% agarose/TAE gel 
electrophoresis and GeneClean. The parent plasmid vector for allelic exchange, pKS V7 
[Camilli et al., Molecular Microbiology 8:143-147 (1993)], was digested with Kpnl and 
PstI and treated with Calf Intestinal AJkaline Phosphatase (CLAP, New England Biolabs) 
and the 622 bp fragment having Kpnl and PstI compatible ends was inserted into the 
pKSV7 plasmid vector to give pKSV7-K/P-338. Subsequently, the 1486 bp fragment 
having PstI compatible ends was inserted into the vector construct pKSV7-lC/P-338 that 
was digested with PstI and treated with CIAP. Insertion of the 1486 bp construct in the 
correct orientation was determined by digestion with Kpnl and HindHI to ydeld fragment 
sizes of 1253 bp, 865 bp, and 6.9 kb. This plasmid contruct is known as pKSV7-dlBsrFI 
uvrAB. The Listeria dlBsrFI uvrAB portion of the pKSV7 recombinant plasmid was 
sequenced to verify the fidelity of the listeria sequence and the precise deletion in the 
uvrAB gene of nts. 2562709 to 2567320 (deletion from uvr coordinates nts. 2562547 to 
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2567459). The deleted region is SEQ ID NO: 10, with the amplicon sequence remaining 
given in SEQ ID NO: 1 1. 

[0175] The uvrAB genes of Listeria strains DP-L4056, IDP-L4017, and DP-L4029 

(Table 9) were deleted by allelic exchange using plasmid pKS V7-dlBsrFI uvrAB, as 
described previously [Camilli et al., Molecular Microbiology 8 :143-147 (1993)]. The 
plasmid pKSV7-dlBsrFI uvrAB was introduced into Listeria strains DP-L4056, DP-L4017, 
and DP-L4029 by electroporation. The Listeria strains were nxade competent for 
electroporation by first growing a 10 mL overnight culture from an isolated bacterial 
colony in BHI with shaking at 37°C. A log-phase culture of each strain was then derived 
by innoculating 2 mL of the overnight culture into 100 mL 0.5IM sucrose/BHI (sterile 
filtered) in a 250 mL flask. The culture was grown to mid-log phase by shaking at 37°C for 
2-3 hours until a bacterial density of OD6oo=0-2 was reached. Subsequently, the culture 
was treated to generate bacteria lacking the peptidoglyCBn cell "wall, known as spheroplastsr 
100 uL of a penicillin G stock solution (10 mg/mL, sterile filtexed) was added to the mid- 
log phase culture, followed by shaking at 37°C for 2 hours. Thxe spheroplast culture was 
pelleted in a 100 mL centrifuge bottle, resuspended with 45 ml", of an ice-cold 
HEPES/sucrose stock solution (ImM HEPES, pH 7.0 / 0.5M sucrose, sterile filtered), and 
pelleted again by centrifugation. The bacterial pellet was resuspended with 20 mL of 
HEPES/sucrose, transferred to a 40 mL centrifuge tube, pelleted, and resuspended in 10 mL 
HEPES/sucrose. 100 ^iL of a 10 mg/mL lysozyme stock was fhen added to the bacterial 
solution, mixed thoroughly, and the culture was incubated 15 minutes at 37 °C without 
shaking, but was inverted gently twice at 5 minute intervals. TTie lysozyme-treated culture 
was then centrifiiged at 50O0 rpm (3000xg) for 10 min. at ^C, and resuspended in 10 mL 
HEPES/sucrose; this process was repeated twice, with careful and thorough resuspension 
each time. The final step to yield electrocompetent Listeria was to resuspend the bacterial 
pellet in 500 \xL HEPES/sucrose. 

[0176] For electroporation, 2 ^tg of pKSV7-dlBsrFI uvrAB plasmid DNA was 

added to 10 [lLof DP-L4056, DP-L4017,andDP-L4029 electrocompetent Listeria, and the 
solution was added to a 0. 1 cm cuvette. The cuvettes were pla-ced in the electroporation 
device that was set at 1 KV, 400 ohms, and 25 nFD, and then pulsed. This typically 
resulted in a time constant of about 5 milli-seconds. The cells were immediately added to 1 
mL BHI/sucrose media that was pre-wanned to 30°C, and then incubated for 1 hour at 
30°C, without shaking. Following the incubation period, the bacteria were pelleted, 
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resuspended in 200 ml of BHI broth, and the suspeasion was plated on BHI-agar containing 
10 \ig/mL chloramphenicol (BHI/CM10). The plates were then incubated overnight at 
30°C, after which colonies corresponding to pKSV7~dlBsrFI uvrAB plasmid transfotxnants 
were visible. The plasmid pKSV7 contains a tempeirature-sensitive Listeria replicon^ and 
thus the plate must be incubated at 30°C in order to visualize chloramphenicoi-resistant 
colonies. 

[0177] Allelic exchange of the native uvrAB gene in Listeria strains DP-L405 6, DP- 

L4017, and DP-L4029 transformed by electroporatioxi with pKSV7-dlBsrFI uvrAB plasmid 
containing a 4612 bp deletion in uvrAB was accomplished in two steps comprised of 
plasmid integration, followed by plasmid excision (including native uvrAB) and curing, as 
described previously [Camilli et aL, Molecular Microbiology 8: 143-147 (1993)]. Two 
isolated chlorarnphenicol-resistant colonies resulting £x>m each of the Listeria strains DP- 
L4056, DP-L40H, and DP-L4029 electroporated with pKSV7-dlBsrFI uvrAB plasmid 
DNA were selected and then each selected colony was streaked onto fresh BHI/CMIO 
plates, and incixbated overnight at 30°C. The next day, a colony was selected from each 
plate and used to inoculate 10 mL of BHI/CM10 contained in a 250 mL flask, which was 
then incubated overnight at 30°C with shaking. 10 jiL of each of the overnight cultures 
were then used to inoculate 10 mLoffreshBHI/CMlO media (1:1000 dilution), which, 
were then grown at 41°C with shaking until the cultures reached stationary phase. 
Following sampling of 10 joL, a plasmid preparation was performed with the remaining 
overnight Listeria culture to insure the presence of the pKSV7-dlBsrFI uvrAB plasmid 
DNA. Once at stationary phase, 10 of the cultures were used to inoculate 10 mL of 
fresh BHI/CM1 0 media, which was pre-warmed to 41 °C, and then incubated overnight at 
41°C, with shaking. A sample was then taken from each 41°C overnight culture, and ixsed 
to streak for isolated colonies on BHI/CM10 plates, that were pre-warmed at 41°C. As the 
plasmid pKSV7 contains a temperature-sensitive Listeria replicon, incubation at 41°C 
selects for colonies arising from integration through homologous recombination of the 
pKSV7-dlBsrFI uvrAB plasmid with the native uvrAB gene in the Listeria genome, and 
thus amplification and expression of the chloramphenicol drug-resistance marker through 
bacterial cell growth and division. At this point, the L isteria strains are merodiploid for 
the uvrAB gene, comprised of the native uvrAB gene and the 4612 bp deleted uvrAB gene, 
arising from integration by homologous recombination of the pKSV7-dlBsrFI uvrAB 
plasmid. 
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[0178] For excision and curing of ttie native uvrAB gene with the pKSV7 plasmid, a 

single colony was selected from each of the BHI/CM10 plates incubated art 41°C from the 
step above, and used to inoculate 10 ml of BHI media without chloramphenicol, and then 
incubated at 30°C overnight with shaking. The cultures were then diluted 1 : 1000 in 10 mL 
of fresh BHI media without chloramphenicol, and then incubated at 30°C overnight with 
shaking for 6 hours. This step was repeated twice. Upon passage of the nxerodiploid 
intermediate strains for several generations without drug-selective pressure at a temperature 
permissive for the pKSV7 plasmid replicon, spontaneous excision of the integrated pKSV7 
plasmid occurs, and eventual curing of the plasmid from the bacterium pre-viously . 
[Camilliet al., Molecular Microbiology 8: 143-147 (1993)]. Following the third 1:1000 
dilution and 6-hour incubation period, a sample from each culture was taken, and used to 
streak for isolated colonies on BHI plates (without chloramphenicol), and iaicubated 
overnight at 37°C. One hundred isolated colonies were selected from eacfci BHI plate with 
a toothpick, and a 5 mM-long streak was made with each colony first on a BHI/CM10 
plate, followed by a BHI plate. Plates were marked using a grid so that eacxh matched pair 
of BHI/CM10 and BHI plates were replicates. The BHI/CM10 and BHI replicate plates 
were incubated overnight at 37°C. Approximately 5% of the colonies replica-plated on 
BHI/CM10 and BHI plates originating from the two chloramphenicol-resistant colonies 
from electroporation with DP-L4056, DP-L4-017, or DP-L4029 withpKSV7-dlBsrFI uvrAB 
plasmid DNA were drug sensitive (i.e., growih only on BHI plates). These drug-sensitive 
colonies represented candidates containing ttie 4612 bp deletion in uvrAB. ZEach of the 
drug-sensitive colonies were re-streaked for isolated colonies on both BHI/CM10 and BHI 
plates and incubated overnight at 37°C, to ensure that candidate clones were both pure and 
drug sensitive. The chloramphenicol-sensitrve clones were subjected to PCR using 
primers Lm-2561677F and Lm-2568330R(*6i<i), in order to identify clones that also 
contained tixe uvrAB deletion. The amplicon size of clones with the native tdvrAB gene was 
6654 bps, aiad the amplicon size of the deleted uvrAB gene was 2042 bps; about 50% of the 
chlorampherticol-sensitive clones also contained the deleted uvrAB gene. Two clones of the 
uvrAB deleted strains derived from DP-L4056, DP-L4017, and DP-L4029 were selected for 
further characterization. Glycerol stocks (30 °C overnight culture diluted 1: 1 with sterile 
LB/40% glycerol) were made for each uvrAB mutant strain and stored at-80 °C. These 
strains are known as shown in Table 10. DP-lAQ29uvrAB (actA/uvrAB) was deposited 
with ATCC on October 3, 2003, assigned PTA-5563. 
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Table 10. uvrAB mutant Listeria strains generated by allelic exchange 



uvrAB mutant Listeria strain 


Parent Listeria Strain 


IA056IuvkAB clone 1 


DP- L4056 


JA056luvrAB clone 2 


Dr- L4L>56 


lAOlHuvrAB clone 1 


DP-L4017 


L4017/uv/vlff clone 2 


DP-L4017 


L4029/iwv45 clone 1 


DP-L4029 


L4029fawv4J? clone 2 


DP-L4029 



[0179] To demonstrate the increased sensitivity to attenuation with S-59 psoralen 

andUVA light, a preparation of 1 x 10 9 CFU of the uvrAB mutant Listeria strains shown in 
Table 10 were treated either with 2, 20, 100 and 500 nM S-59 (both clones of lAQMuvrAB 
andL4056/Mvr^5) or 2, 10, 20, and 100 nM S-59 (clone 1 of L401 1 /uvrAB and both clones' 
of lA029/uvrAB), UVA irradiated at a dose of 6 J/cm 2 (FX1019)> and tested for viability by 
plating dilutions on BHI plates, exactly as described in Example 1 . The results of this 
study are shown in Table 1 1 A-B (log attenuation as a function of S-59 dose) and Figure 
8A-B (log titer remaining as a function of S-59 dose). The results demonstrate clearly that 
the DNA NER repair mutant strains shown in Table 10 were dramatically more susceptible 
to photochemical attenuation with psoralen and UVA irradiation, as compared to the parent 
strains . This data provides unequivocal evidence that significantly and substantially lower 
levels of S-59 psoralen can be used to inactivate uvrAB mutant bacteria to the same extent, 
as compared to their isogenic counterpart. 



Table 1 1 A. Log attenuation of Listeria monocytogenes strains ajfter irradiation 
(6 J/cm2 UVA) at indicated S-59 concentration. 







Log attenuation of Listeria monocytogenes 


Listeria strain 


0 nM S-59 
Log titer 


< 

2 


5-59 concen 
20 


tration (nM 
100 


500 


DP-L4017 


7.81 


0.66 


2.58 


>6.81 


>6.81 


lA0l7/uvrAB clone 1 


7.67 


1.82 


>6.67 


>6.67 . 


>6.67 


L4017/uv»v4£clone2 


7.68 


. 1.96 


>6.68 


>6.68 


>6.68 


DP-L4056 


8.36 


1.18 


3.10 


>6.36 


>6.36 


lAQ56fuvrAB clone 1 


7.65 


2.04 


>6.65 


>6.65 


>6.65 j 
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lA056/uvrAB clone 2 


- 7.84 


1.96 


>6.84 


>6.84 


>6.84 



Table 1 IB. Log attenuation of Listeria monocytogenes strains after irradiation 
(6 J/cm2 UVA) at indicated S-59 concentration. 







Log attenuation of Listeria monocytogenes 




0 nM S-59 


S-59 concentration (nM) 


Listeria strain 


Log titer 


2 


10 


20 


100 


DP-L4017 


8.62 


0.56 


0.97 


2.33 


>7.62 


lAOWitvrAB clone 1 


8.67 


1.09 


4.44 


>7.67 


>7.67 


DP-L4029 


8.68 


0.48 


1.10 


2.98 


>7.68 


L4029/«vnl5done 1 


8.59 


1.78 


5.99 


>7.59 


>7.59 


IA029/uvrAB clone 2 


8.63 


1.50 


6.60 


>7.63 


>7.63 



[0180] The uvrAB mutant strains can be used direcdy as a parent strain in which to 

incorporate expression cassettes encoding heterologous antigens relevant to malignant or to 
infectious disease. In this configuration, following photochemical attenuation with S-59 
and UVA light, the bacterium retains its ability to program MHC class I-restricted 
responses, because while the ability to replicate its DNA has been abrogated via cross- 
linking, the ability to express its genetic complement remains essentially intact. 
Furthermore, as a result of the requirement of significantly fewer DNA cross-links to 
inactivate wrAB mutants, in. the context of the population of bacterial genomes comprising 
a vaccine dose, the expression of any one gene will not be significantly affected, due to the 
low level of DNA crosslinkLng resulting in essentially no interruption of expression, at that 
given gene. Finally, the uvkAB mutation can be combined with any other attenuating 
mutation(s), in order to derive a safe and efficacious vaccine platform combining both 
photochemical and genetic attenuation. In the composition described herein, the uvrA, 
uvrB, or uvrC genes, or any Listeria gene involved in NER, alone, or in any combination, 
can be mutated such that a functional form of the protein is not expressed. These 
compositions can be used as an approach for deriving a safe and efficacious vaccine 
derived from a selected bacterial pathogen, in order to protect against challenge with the 
wild-type pathogen in vaccinated individuals. Alternatively, these compositions can be 
used as an approach for deriving a safe and efficacious recombinant vaccine platform for 
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the expression of heterologous antigens relevant to any selected infectious or toalignant 
disease. 

EXAMPLES 

Insertion of antigen expression cassettes into the genomes of selected Listeria strains by 
allelic exchange or by a site-speci£c integration vector 

[0181] The strains described in Example 7, aaiy selected Listeria strain, or any 

bacterial strain^ can be modified further to express a Ixeterologous protein or an*tigen 
relevant to malignant or infectious disease. Expression of the heterologous protein can be 
via a plasmid containing a replicon that is compatible with the selected host baoterium so 
that the plasmid is stably maintained. Alternatively, a prokaryotic expression cassette can 
be integrated stably into the genome of the host bacterium using a variety of methods, 
including allelic exchange as described in Example 7, or with vectors that integrate 
randomly or site-specifically, that are derived from selected transposons or bacteriophage. 

[0182] As an example, the derivation of recombinant Listeria monocytogenes 

j 

derived from flxe uvrAB nucleotide excision repair (NTER) mutant strains described in 
Example 7, by utilizing a site-specific integration vector known as pPL2, which, is derived 
from the listeriophage PSA (Phage from ScottA), is described here [Lauer et. aL., J. 
Bacteriol. 184:4177-4186 (2002)]. Specifically, the pPL2 integration vector is engineered 
to express the chicken ovalbumin (OVA) model antigen as a fusion partner withi the amino- 
terminal half of the Listeriolysin O (LLO) protein that includes the secretion signal and 
PEST sequence [Decatur and Portnoy, Science 290:992-995 (2000)], but lacking hemolysin 
activity, that is fused in-frame with OVA. Expression of the truncated LLO-OVA fusion 
protein is driven by the hly promoter, which is a prfA.-dependent promoter that drives the 
expression of Listeria virulence genes, including LLO. This vector is known as. 
pPL2/LLOss-pEST"OVA. The pPL2 vector integrates within the tRNA^ gene of Listeria in 
such a manner that the native sequence of the tRNA gene is restored upon successful 
integration, thus keeping its native expressed function intact. 

[0183] The first step in the construction of pP JL2/LLOss-pest-OVA is to amplify the 

hly promoter and LLOs^pest sequence together from DP-L4056 wild-type Listeria genomic 
DNA, by PCR using the primer pair of forward primer Kpnl-lUO nts. 1257-12Z6 (SEQ ID 
NO:12) and reverse primer A&oJ-LL01665R (SEQ ID NO:13). The 426 bp amplicon is 
purified with GeneClean, digested with Kpnl and Xhol, and ligated into pPL2 plasmid, 
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which is prepared by digesting with Kpnl and Xhol, treatment with calf intestinal alkaline 
phosphatase (CIAP), and purified with GeneClean. Correct plasnaids containing the LLO^ 
pest sequence are verified by digesting with Kpnl and Xhol and 1 <2/q agarose/TAE 
electrophoresis, yielding DNA fragments of 418 bps and 61 12 bps. This intermediate 
plasmid DNA construct is known as pPL2/LLOss.pEST. 

[0184] The OVA sequence can be amplified by PCR from any number of plasmids 

that are used by those in the art, including pDP3616 plasmid DNA. from DP-E3616 E. coli 
[Higginset al., Mol. Molbiol. 31:1631-1641 (1999)], using the primer pair of forward 
primer Xhol- Ncol OVA cDNA. nts. 174-186 (SEQ ID NO: 14) and reverse primer Xhol- 
Notl-Hindlll (SEQ ID NO:15). 

[0185] The 1013 bp anxplicon is purified with GeneClean, digested with Xhol and 

NotI, and ligated into pPI^/LLOss-pest plasmid, prepared by digesting with Xhol and NotI, 
treatment with CIAP; and purified with GeneClean. The conect plasmid construct 
containing the LLOss-pest and OVA sequence is verified by digesting with Kpnl, Xhol, and 
NotI and 1% agarose/TAE electrophoresis, yielding DNA fragments of 994 bps, 1560 bps, 
and 6039 bps. The precise expected sequence of the LLO and OVA regions of plasmid 
PPLZ/LLOss-pest-OVA is confirmed by sequencing. 

[0186] The pPL2/LLO S s-PEST-OVA plasmid is incorporated into the tRNA^ gene in 

the genome of selected Listeria uvrAB mutant strains described in Example 7, exactly 
according to the methods as described previously [Lauer et. al., J. Bacteriol. 184, 4177- 
4186 (2002)]. Briefly, the plasmid pPL2/LLO ss _pest"OVA is first introduced into the E. 
coli host strain SM10 (Simon et. al., Bio/Technology 1:784-791 (1 983)] by electroporation 
or by chemical means. Subsequently, the pPL2/LLOss-pest^OVA plasmid is transferred 
fiom transformed SM10 to the selected Listeria strains by conjugation. Following 
incubation on drug-selective BH agar plates containing 7.5 ng of chloramphenicol per ml 
and 200 \xg of streptomycin per ml as described, selected colonies are purified by passaging 
3 times on plates with the same composition. To verify integration of the pPL2 vector at 
the phage attachment site, individual colonies are picked and screened by PCR using the 
primer pair of forward primer 1MC16 (SEQ ID NO:16) and reverse primer PL95 (SEQ ID 
NO: 17). Selected colonies having the pPL2/LLOss.pEST-OVA plasmid incorporated into the 
tENA^ gene in the genome of selected Listeria uvrAB mutant strains will yield a 
diagnostic DNA amplicon of 499 bps. 
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[0187] The ability of the recombinant Listeria uvrAB mutants harboring a stable 

integrant of pPI^/LLO^pest-OVA to be taken up by antigen presenting cells and 
subsequently program presentation of OVA via the MHC class I pathway is tested, using 
the cloned C57Bl/6-derived dendritic cell line DC2.4, as described in Example 1. 
Presentation of OVA peptide by DC2.4 cells on class I molecules following phagocytosis 
of Listeria is measured after incubation with B3Z cells, also as described in Example 1 . 
These procedures verify that the recombinant Listeria strains are functional, and can be 
used further as described in the Examples contained herein. 

[0188] Thus, this example provides instructions for introducing a prokaryotic 

expression cassette encoding any desirable antigen(s) related to selected ixifectious and 
malignant diseases into DNA repair mutant Listeria strains containing a deletion within the 
uvrAJB gene. The said recombinant Listeria strains can be inactivated by treatment with 
psoralens as described in Example 1 and can be used subsequently for a variety^of 
applications, including, for example, prophylactic and therapeutic vaccines for infectious 
and malignant disease. 

EXAMPLE 9 

Bacterial Vaccines derived from nucleotide-excision repair (NER) mutants 

(0189 J The examples described in tins patent illustrate the efficacy of vaccine 

compositions utilising genomic inactivatioxi through photochemical treatmLent of the 
recombinant delivery platform encoding antigens related to infectious and malignant 
disease. According to this composition, wtrile the genomes are inactivated and cannot 
separate during replication, the transcriptional profile remains largely intact, thus resulting 
in antigen expression de novo in the vaccinated individual, and optimal induction of 
pathogen-specific immune responses, including CD8+ cytotoxic T cells (CTTL). 
Furthermore, as described in Example 7, by utilizing a vaccine platform in this composition 
in which the DNA nucleotide excision repair (NER) machinery has been inactivated by any 
number of means, including by engineered genetic deletion, the sensitivity "to 
photochemical inactivation in these mutants is dramatically increased. 
[0190] As a result of the requirement of significantly fewer DNA cross-links to 

inactivate the DNA repair mutants, in the context of the population of bacterial genomes 
comprising a vaccine dose, the expression of any one gene will not be significantly 
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affected, due to the low level of DNA crosslinking resulting in essentially no interruption 
of expression, at that given gene. 



derived from pathogens can be increased dramatically by combining photochemical 
inactivation with a vector defective in NER. WTule the inactivated vaccine cannot cause 
disease, it still retains its efficient ability to induce potent immunity, including T-cell 
mediated cellular immunity, specific for the vector-expressed heterologous antigens. 
Furthermore, the uvrAB mutation can be combined with any other attenuating mutation(s), 
in order to derive a safe and efficacious vaccine? platform combining both photochemical 
and genetic attenuation. 

[0192] Significantly, these compositions can be used as an approach for deriving a 

safe and efficacious vaccine derived from a selected bacterial pathogen, in order to protect 
against challenge with the wild-type pathogen irx vaccinated-individuals. According to- this 
application, it is not feasible in many cases to derive a safe and efficacious vaccine that is 
derived from an attenuated viable form of the pathogen, as the possibility for reactivity and 
disease pathogenesis in particular individuals receiving the vaccine remain high. While 
subunit or inactivated vaccines related to a selected bacterial pathogen might be safe, on the 
other hand, these vaccines are often not efficacious because they do not efficiently elicit the 
breadth, depth, and durability of pathogen-specific immune responses that are required to 
protect the vaccinated individual against challenge with the wild-type form of the said 
pathogen. Thus, it is well known in the art that tfeiere is a clear need for vaccine 
compositions that combine safety with an efficient ability to elicit the type of immune 
responses in vaccinated individuals that are protective. 

[0193] As such, mutants in the nucleotide-excision repair (NER) pathway of 

pathogenic microbes provide a composition that can be used for safe and efficacious 
vaccines that elicit protection against challenge in immunized individuals with amounts of 
the said microbe that are sufficient to cause disease in non-vaccinated individuals. NEH is 
catalyzed by an ATP-dependent nuclease made of three subunits, known as the ABC 
excinuclease, and encoded by the genes uvrA, uvrrB, and uvrC. Mutations in any one or- 
more than one of the three uvr genes results in cells, including microbes of pathogenic 
organisms, extremely sensitive to photochemical inactivation utilizing psoralens and tTVA 



anthracis), the etiological agent of Anthrax, is provided. The current acellular anthrax 



[0191] 



Thus, the overall utility of gene-based vaccines utilizing bacterial platforms 



light. 
[0194] 



As an example, mutation of the uwr genes of Bacillus anthracis (B. 
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vaccines that are licensed for human use are based on sterile culture supernatants of 
attenuated ft. anthracis adsorbed on alum hydroxide (U.S. vaccine), or precipitated with 
alum phosphate (UX. vaccine). It is well known that these vaccines are rather weak, 
requiring at least six immunizations for protection as well as annual boosters. 
[0195] In the composition described herein, the uvrA, uvrB, or uvrC genes, or any 

B. anthracis gene involved in NER, alone, or in any combination, is mutated suclx that a 
functional fonn of the protein is not expressed. 

[0196] As an example, mutation in the uvrA, uvrB, or uvrC genes, or any 23. 

anthracis gene involved in NER, can be performed, for example, by allelic exchange, as 
described in Example 7. While the uvr genes of B. anthracis have not been identified 
through targeted deletion and characterization of the pheno types of the resulting mutant 
strains, the uvr genes can be identified through a homology search with the genomes of 
related organisms in whose uvr genes are known. For example, the genome of ft. 
anthracis, that is, the main chromosome and the two virulence plasmids can be compared 
with 'Bacillus Subtilis (ft. Subtilis), a related bacterium from the same genera as B. 
anthracis. The genomic scaffold representing the main chromosome of the Florida ft 
anthracis isolate (Read et al. 2002. Science 296, 2028-2033) has a GenBank accession 
number of AAAC0 10000001. B. subtilis has a GenBank accession number of NC__000964. 
The B. subtilis uvrA gene encompasses nts. 3609064 to 361 1997, and the ft subtilis uvrB 
gene encompasses nts. 3612005-3613990 . A BLAST search was performed using the ft. 
subtilis uvrA and uvrB coding sequences against the ft. anthracis sequence. This analysis 
identified a region of 72% sequence identity in the genome of ft. anthracis that corresponds 
to the uvrA and uvrB genes of this organism. The ft. anthracis uvrA gene maps from 
22602 1-228783, and bears 72% sequence homology to the ft. subtilis uvrA gene 
(2082/2867 identical sequence homology alignment). The ft. anthracis uvrB gene maps 
from 228864-230771, and bears 72% sequence homology to the ft subtilis uvrB gene 
(1401/1925 identical sequence homology alignment). Thus, the ft. anthracis uvr^LB genes 
include nts. 226021 to 230771 of the main chromosome of ft. anthracis. 
[0197J Deletion of the ft. antliracfs uvrAB genes, including nts. 226021 to 230771 

of the main bacterial chromosome can be accomplished according to the methods described 
in Example 7 for the deletion of uvrAB genes in L monocytogenes. Briefly, this region and 
approximately 1000 bps both upstream and downstream of the ft. anthracis genome are 
amplified by PCR, and subsequently cloned into the pKS V7 allelic exchange plasrnid 
vector. As an alternative, a Bacillus genexa-specific or ft. antfiracis-specific temperature- 
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sensitive (ts) replicon may be substituted for the Listeria ts replicon present in the pKSV7 
allelic exchange plasmid vector. Using convenient restriction endonuclease recognition 
sites mapping specifically within the uvrAB region, any part of the uvrA, nvrB, or all of the 
uvrAB genes sequence are deleted. Finally, the allelic exchange plasmid is introduced into 
B. anthracis and NER mutants are selected as described in Example 7. Any selected A 
anthracis strain can be used as a parent strain for derivation of the NER-defective vaccine, 
including, for example, the following strains: Ames, Vollum, Ah a/10, Al.b/23, A2/29, 
A3 .a/34, A3.b/57, A4/69, B/80, Asterne, VN41A1, Dames, NNRLA1, and DNH1. 
Additionally, other attenuating mutations can be incorporated into the genome of the 
selected NER mutant A anthracis strain, to enable vaccine compositions combining 
photochemical with genetic inactivation. Such A anthracis vaccine compositions are able 
to induce immune responses against known correlates of anthrax immunity and protection, 
including lethal factor (LF), edema factor (EF), and protective antigen (PA). Additionally, 
as a result that the expression profile of the NER mutant vaccine composition remains 
intact, immune responses against other unknown correlates of anthrax immunity and 
protection, including those expressed from the two virulence plasmids pXOl and pX02 
and the main chromosome are also induced. 

[0198] The compositions described herein, using A anthracis as an example 

utilizing NER mutants as a component of vaccine, can be used in either a prophylactic or a 
therapeutic immunization setting against all three types of anthrax according to the route of 
infection, including cutaneous, gastrointestinal and respiratory. Furthermore it can be 
appreciated that the approach for generating NER mutants of A cznthracis to derive a safe 
and efficacious vaccine can be adopted to derive safe and efficacious vaccines for any 
microbial pathogen that utilizes NER. 

EXAMPLE 10 

Use of vaccines of the invention for the in vivo treatment of human cancers. 

[0199] As an example of the treatment or prevention of a human cancer, a vaccine 

comprising a microbial population in which the microbial nucleic acid is modified so that 
the proliferation of the microbial population is attenuated, wherein the microbial gene 
expression is substantially unaffected, is administered to an individual. The microbe can be 
prepared following the protocols of examples 7 and 8, wherein any desired prokaryotic 



92 



WO 2004/084936 PCT7US 2004/003671 

expression cassettes encoding human tumor antigen(s) are incorporated into the microbe, 
by utilizing, for example the pPL2 integration vector described in Example 8, or any 
modifications thereof, or by any methods that are common to those in the art. The resulting 
population may be formulated in crude, or preferably purified form. They may be prepared 
as a liquid suspension, or may be freeze-dried and res-uspended in a suitable carrier for 
administration. In addition, they may be formulated -with additives such as preservatives 
(e.g. thimerosal, 2-phenoxy ethanol), stabilizers (e.g. lactose, monosodium glutamate), 
adjuvants (e.g. aluminum hydroxide, aluminum phosphate, cytokines), antibiotics (e.g. 
neomycin, streptomycin) or other substances. Formulations may be resuspended or dilutecL 
in a suitable diluent such as sterile water, saline, isotonic buffered saline (e.g. phosphate 
buffered to physiological pH), or other suitable diluent. 

[0200] The vaccine may be administered by a variety of routes, including oral, 

nasal, intraveneous, intradermal, intraperitoneal, intramuscular, intralymphatic and 
subcutaneous routes, as well as by any route that is relevant for any given malignant or 
infectious disease. An effective amount of the vaccine will be administered to an 
individual for treatment. For a therapeutic treatment, an effective amount is a dose that wilL 
result in the desired immune response, wherein the immune response either slows the 
growth of the targeted tumors, reduces the size of the tumors, or preferably eliminates the 
tumors completely. The administration of the vaccine may be repeated at appropriate 
intervals, and may be administered simultaneously at multiple distinct sites in the 
vaccinated individual. Por the prophylactic treatment, an effective amount is a dose that 
will result in a protective immune response such that tibe likelihood of an individual to 
develop the cancer is significantly reduced. The vaccination regimen may be comprised of 
a single dose, or may be repeated at suitable intervals until a protective immune response is 
established. 

[0201] The therapeutic treatment of an individual may be started on an individual 

who has been diagnosed with a cancer as an initial treatment, or may be used in 
combination with other treatments. For example, individuals who have had tumors 
surgically removed or who have been treated with radiation therapy or by chemotherapy 
may be treated with the vaccine in order to reduce or eliminate any residual tumors in the 
individual, or to reduce the risk of a recurrence of the cancer. The prophylactic treatment 
of an individual would be started on an individual who 3ias an increased risk of contracting 
certain .cancers, either due to environmental conditions or genetic predisposition. 
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EXAMPLE 11 

Antigen presentation of Listeria strain DP-L4029 with and without uvrAB mutation 
following S-59 psoralen UVA treatment 

[0202 J The Listeria strain DP-L4029 uvrAB mutant clone 1 of Example 7 was 

modified to express the OVA antigen using the procedure of Example 8. This strain and 
DP-L4029 modified to express OVA were treated ^/ith the psoralen S-59 at various 
concentrations. The Listeria strains were grown overnight at 37 °C and a 2 mL aliquot was 
diluted into 100 mL of BHI and grown approximately 4 hours at 37 °C to an OD600 of" 0.5 
(approximately 1 x 10 9 CFU/mL). A 5 mL aliquot of each Listeria strain was added to a 15 
mL tube and centrifuged for 20 minutes at 2300 x g, the supernatant removed, and the 
bacteria resuspended in 5 mL of PBS resulting in approximately 1 x 10 9 CFU/mL. For the 
uvrAB mutant strain, 3 mM S-59 stock was diluted 33.3 ^iL to 10 mL PBS to give a 10 
solution, and appropriate aliquots of this was added to the Listeria to final concentrations of 
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 nM, while for the DP-L4029, S-59 was added to 
final concentrations of 100, 200, 400, 800, and 100 O nM in a final volume of 5 mL. Tlaese 
were transferred to a 6 well culture plate and irradiated for a dose of 0.5 J/cm 2 (FX101 9 
UVA device). The samples were transferred to 1 5 mL tubes, 5 mL PBS was added, and 
they were centrifiiged for 20 minutes at 2300 x g to wash out unreacted psoralen. The 
supernatant was removed and the bacteria resuspeixded in 5 mL PBS and transferred to new 
6 well plates. These were irradiated at a UVA dose of 5.5 J/cm 2 in order to convert 
psoralen monoadducts to crosslinks. A sample of each Listeria strain was also heat killed 
by treating at 72 °C for 3 hours. The log titer and OVA antigen presentation were assessed 
as per Example 1 . The results for the S-59 treated samples are found in Table 12A and 
Figures 9A and 9B (antigen presentation at 1 Listeria per DC 2.4 cell, calculated without 
subtracting background levels). The results for both heat killed strains showed a titer 
below the limit of detection (complete inactivatioa) and the heat killed bacteria did no t 
present OVA antigen in the B3Z assay. The results indicate that the uvrAB mutant shows 
very strong antigen presentation even with attenuation of proliferation to the limit of 
detection where the non uvrAB mutant strain show^s a greater reduction in the antigen 
presentation as a function of attenuation of proliferation (to approximately background 
levels with essentially complete inactivation). This demonstrates that the uvrAB mutaxrt 
retains MHC class I presentation in the context of psoralen attenuated Listeria and should 



94 



WO 2004/084936 



PCT/US2004/003671 



provide a vaccine with an effective immune response and significantiy increased level of 
safety. 

Table 12A Log attenuation and OVA antigen presentation of Listeria strains UVA 
treated with varying concentrations of psoralen S-59. 





Log attenuation. 


% OVA antigen presented* 


[S-59] 


DP-L4029- 


DP-L4029 


DP-L4029- 


DP-L4029 


nM 


OVA 


uvrAJB-OVA 


OVA 


uvrAB-OVA 


10 




2.47 




84 


20 




3.93 




84 


30 . 




5.28 




76 


40 




6.44 




76 


50 




6.92 




68 


60 




>7.62 




84 


70 




>*7.62 




84 


80 




>7.62 




88 


90 




>7.62 




92 


100 


3.85 


>7.62 


50 


92 


200 


5.48 




47 




400 


6.78 




19 




800 


>7.78 




13 




1000 


>7.78 




13 





[0203] Another study was done using the same strains. In this study the Listeria 

were grown in BHI at 37 °C overnight These were diluted 1 :50 into BHI aaid grown at 37 
°C at 300 rpm to an OD600 of 0.5, at which point 50 mL of solution was transferred to a 
clean flask and S-59 was added to the levels indicated in Table 12B. These samples were 
incubated at 37 °C at 300 rpm for approximately 1 hour (ODeoo approximately 1.0, 
approximately 1 x 10 9 /mL). A 1 mL aliquot was removed to assess the titer and the 
remaining was transferred to a 150 mm Petri dish and irradiated at a dose of 6 J/cm 2 
(FX1019). The titer post irradiation was determined for each sample and th.e OVA antigen 
presentation was assessed as above. The results are found in Table 12B and Figures 9C 
and 9D (antigen presentation at 10 Listeria per DC 2.4 cell, calculated without subtracting 
background levels). The results indicate that for the parent strain, the antigen presentation 
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is at background levels where there is essentially complete inactivation whereas for the 
uvrAB mutant, there is an approximately 10-fold range of S-59 concentration over which 
there is essentially complete inactivation along with adequate antigen presentation. 
Table 12B Log attenuation and OVA antigen presentation of Listeria strains UVA 



treated with varying concentrations of psoralen S-59 present dining growth 
of the bacteria. 





Log attenuation 


% OVA antigen presented* 


[S-59] 
HM 


DP-L4029- 
OVA 


DP-X4029 
uvrAB-OVA 


DP-L4029- 
OVA 


DP-L4029 
uvrAB-OVA 


0.025 




3.64 




91 


0.05 




5.70 




86 


0.1 




>8.10 




87 


0.2 




" >8.10 




86 


0.25 


2.00 




50 




0.4 




>8.10 




74 


0.5 


5.28 




31 




0.8 




>8.10 




50 


1.0 


7.57 




14 




1.6 




>8.10 




35 


2.0 


>8.38 




11 




32 




>8.10 




16 


4.0 


>8.38 




10 




6.4 




>8.10 




11 


8.0 


>8.38 




10 




16.0 


>8.38 




11 




* As percent of untreated, measured 


I at 10 Listeria per DC 2.4 cell. 



EXA1MPLE 12 

Protein synthesis in S-59/UVA treated Listeria monocytogenes DP-L4029 compared to DP- 

L4029 uvrAB. 

10204] Listeria monocytogenes DP-L4029 and DP-L4029«vr^8 were grown in BHI 

at 37 °C overnight. These were diluted 1 :50 into BHI and grown at 37 °C at 300 rpm to an 
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OD600 of 0.5, at which point 50 mL of solution was transferred to a clean flask and S-59 
was added to a level of 2500 nM for the 4029 and 200 nM for- the 4029 uvrAB mutant 
strain. These samples were incubated at 37 °C at 300 rpm for approximately 1 hour 
(OD600 approximately 1.0). A 1 mL aliquot was removed to assess the titer and the 
remaining was transferred to a 1 5 0 mm Petri dish and irradiated at a dose of 6 J/cm 2 
(FX1019). The titer post irradiation was determined for each sample to assess the level of 
inactivation, resulting in essentially complete inactivation. It has been determined that this 
treatment is approximately the lowest S-59 dose that provides inactivation to the limit of 
detection for both strains. For each strain, 1 x 10 10 bacteria, based on the OD 60 o vs. titer 
CFU/mL growth curve, was transferred to a 1 5 mL centrifuge tube. The sample was 
centrifiiged at 4 °C for 20 minutes at 2300 x g, the supernatant removed and the pellet 
washed with 50 mL of PBS. This was repeated for a total of three washes. The final pellet 
was suspended in 2 mL of DMEM without methionine or cysteine (Gibco) and incubated at 
3 7 °C in 5% CO2 incubater with shaking for 30 minutes. The samples were centrifiiged in 
2 mL centrifuge tubes at 1600 rpm for 2 minutes, the supernatant removed and 2 mL of 
DMEM without methionine or cysteine was added. An 80 fiCi aliquot of 35 S methionine- 
cysteine was added (Perkin Elmer Life Sciences) and the sample incubated at 37 °C in 5% 
CO2 incubater with shaking for 30 minutes. The samples were centrifiiged as above and 
the supernatant removed. A 50 joX aliquot of each supernatant were loaded in adjacent 
lanes onto an SDS-PAGE gel (Invitrogen, NuPage 4-12% Bis-Tris gel) and run at 100 volts 
for approximately 1.5 hours. The gel was fixed with 10% acetic acid and 30% ethanol, 
then soaked in enhancer (Enlightning, NEN Life Sciences) for 15 miraites. The gel was 
dried for 3 hours at 80 °C and the bands visualized by exposure to X-ray film. The results 
for two studies are shown in Figure 10, indicating considerable protein synthesis in the 
uvrAB mutant strain while the parent strain shows limited protein synthesis. 

EXAMPLE 13 

Comparison of S-59/UVA inactivation with or without S-59 present during growth of 

Listeria. 

[O205] Two inactivation methods were compared with respect to inactivation of 

Listeria monocytogenes strains. In the first method, the Listeria was grown in BHI at 37 °C 
at 300 rpm overnight, then diluted 1:50 into BHI and grown at 37 °C at 300 rpm to an 
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OD 6 co of 0.7-1.00. These were centrifuged and suspended in PBS with 1% BSA to a level 
of 1 x 10 9 /mL. S-59 was added to a level of 120 nM for tibe parent strain and 30 nM for the 
uvrAB mutant strain. The samples were incubated on ice for approximately 60 minutes, 
then transferred to a 1 50 mm Petri dish and irradiated at a dose of 6 J/cm 2 (FX1019). In the 
second method, the Listeria was similarly grown to an OE>6oo of 0.5, at which point 50 mL 
of solution was transferred to a clean flask and S-59 was added to a level of 2500 nM for 
the parent strain and 200 nM for the uvrAB mutant strain. These samples were incubated at: 
37 °C at 300 ipm for approximately 1 hour (OD m approximately 1.0, approximately 1 x 
10 9 /mL). A 1 mL aliquot was removed to assess the titer and the remaining was transferred 
to a 150 mm Petri dish and irradiated as per the first method. The titer post irradiation was 
determined for each sample, resulting in essentially complete inhibition of proliferation for 
all samples (>8 log inactivated). In a study done with DP-X4029 vs. DP-L4029uv/t4fi, the 
entire sample containing approximately 1 x 10 1 1 bacteria treated by the second method, the 
entire sample was plated, indicating approximately 9 log kill for the parent strain and >10 
log kill for the uvrAB mutant. The results on four different preparations of Listeria are 
given in Table 13. 

Table 1 3 Inactivation of Listeria monocytogenes acL^' and actA uvrAB' with S- 
59/UVA, measurement of entire sample to assess log titer inactivation. 





Batch 


Titer treated 


Residual colonies 


Log inactivation 


actA- 


1 


1.0x10" 


1O0 


9 


2.5 yM S-59 


2 


1.1x10". 


2S 


9.6 


6 J/cm 2 


3 


1.1x10" 


2O0 


8.7 




4 


1.1x10" 


ISO 


8.8 


actA-tcvrAB" 


1 


1.0x10" 


O 


11 


200 nM S-59 


2 


1.1x10" 


11 


10 


6 J/cm 2 


3 


1.1x10" 


O 


11 




4 


1.1x10" 


L 


11 



[0206] In one study, the two methods were compared using Listeria monocytogenes 

DP-L4029-OVA and DP-L4029 uvrAB -OVA. Samples were prepared as above and were 
centrifuged for 20 minutes at 2300 x g, the supernatant ienx.oved and the bacteria washed 
once with PBS. After centrifoging and removing the PBS wash, the final pellet was 
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resuspended Ln 8 % DMSO in PBS, then quickly frozen in cryo-vials, either using liquid 
nitrogen or dry ice, and stored at -80 °C. Sets of three mice (C57B1/6) were injected 
intraveneously with 1 x 10 8 Listeria in 200 |iL (frozen stock diluted approximately 1:40 
into HBSS). In addition to the S-59/UVA treated strains, injections were made with live 
and heat killed DP-L4029 itvrAB-OVA, as well as HBSS control. For the comparison of 
the two S-59 methods, mice were injected at day 0. For the samples prepared by the 
second method, additional sets of mice were injected again either on days 2 and 3 or on 
days 2, 3, 4, aoid 5. All mice were sacrificed on day 7 post vaccination and the spleens 
removed for analysis. The spleen cells were assessed for an OVA specific immune 
response by ELISPOT assay as described in Example 5, stimulating the cell population 
with SL8 (OVA specific). The results are shown in figure 1 1 A, indicating that the Listeria 
prepared by tfcie second method, for both the parental strain and the uvrAB mutant, result in 
a more potentrOVA specific immune response than for strains prepared by the first method. 
The ELISPOT assay was also done with stimulation using LLO class K antigen LLO 190, 
or class I antigen LL0296. The ELISPOT resudts comparing all three antigens is shown in 
Figure 1 IB, indicating that the LLO specific CD 4 + response is similar to the OVA. specific 
response. The spleen cells were also assessed by ICS as described in Example 5, 
stimulating with either SL8, LLO190, or LL02 96. The results are shown in Figures 12A- 
C, indicating a stronger immune response for both OVA and LLO in the second method. 
The data also demonstrates the improved response for the uvrAB strain over the pajent 
strain. In both, strains, additional vaccination on successive days results in improved 
response to both OVA and LLO antigens (1 vs. 3 days). 

[0207] In another study, DP-L4029 and DP-L4029 uvrAB strains are assessed for 

their ability to provide protective immunity against a wild type challenge in mice. Balb/c 
mice were vaccinated in groups as described in Table 14 with HBSS, DP-L4056 wild type 
(+/- heat killed), DP-L4027 (LLO deletion), DP-L4029 S-59/UVA treated (first and second 
methods as above), DP-L4029uvr,4i? S-59/UVA treated (first and second methods as 
above). Twenty-seven days after the vaccination, three mice per group were challenged 
with 2xLD 5 o and six mice per group with lOOxLDso of wild type Listeria monocytogenes. 
Three days post challenge, the mice challenged with 2xLDso were sacrificed and thie spleen 
and liver were isolated and cultured for growth of Listeria. The spleen or liver from each 
mouse was homogenized in sterile distilled water with 0.5% Triton X-100 (Sigma) - Serial 
10-fold dilutions were plated on BHI agar plates containing streptomycin (50 fxg/mL) and 
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incubated at 37 °C overnight. The number of colony forming units per spleen or liver was 
determined as an indication of immunity to the wild type challenge. Figures 13A,B show 
that S-59/UVA treated samples give approximately 3 log reduction in CFU per organ 
compared to HBSS (non-vaccinated) controls, with the samples prepared \>y the second 
method showing more reduction in CFU than those prepared with the first method. In 
addition, the treated uvrAB mutant strain shows slightly hetter CFU reduction than the 
treated parent strain. While the CFU reduction is not as good as vaccination with wild 
type, the S-59/UVA treated strains show some efficacy for reduction in CIFU, which 
generally correlates with protective immunity. The six mice challenged with 100xLD 5 o 
were monitored for survival for ten days, with only the mice vaccinated with wild type 
Listeria surviving. 

Table 14 Dosing of Balb/c mice for assessment of protective immunity comparing 



two S-59/UVA methods. 



Vaccine composition 


S-59 / 6 J/cm* UVA Method 


Dose of vaccination 
(200 \xL IV) 


HBSS 






DP-L4056 




5xl0 3 


DP-L4027 




1 x 10" 


DP-L4029 


Method 1 (120 nM S-59 in PBS) 


1x10" 


DP-L4029 


Method 2 (2500 nM S-59 in BHI) 


1x10" 


DP-L4029«vr^5 


Method 1 (3 0 nM S-59 in PBS) 


1x10" 


DP-L4029«vr^B 


Method 2 (2O0 nM S-59 in BHI) 


1x10 s 


DP-L4056 heat killed 




1x10* 



[0208] An additional study was done in Balb/c mice using HBSS, DP-L4056 wild 

type (+/- heat killed), DP-L4027 (LLO deletion), D?-IA406actA {actAJinlB deletion double 
mutant, deposited on October 3, 2003, ATCC number PTA-5562) DP-L4029 +S-59/UVA 
(second method), BP-IA029uvrAB +/- S-59/UVA treated (second method only) or + heat 
killed, where vaccination was done daily for 1, 3, or 5 days for S-59 and h_eat killed strains. 
The dosing is summarized in Table 15. TAventy-nine days post the first vaccination, three 
mice from each group were challenged with 20x LD 5 o, and six from each group were 
challenged with lOOx LD 5 o of wild type Listeria monocytogenes. These naice were 
monitored for survival for ten days. Thirty-two days post first vaccination, three additional 
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mice from each group were challenged with 2xLDso of wild type -and three days later 
sacrificed and the spleen and liver were isolated and cultured for growth of Listeria, In 
addition, the mti-Listeria antibody titer of the mice sera was assessed by doing an ELISA 
assay. Frozen, ground Listeria in a sodium bicarbonate buffer was plated and incubated 
with serum from the vaccinated mice with serial dilutions, then bound antibody was 
detected with goat anti-mouse antibody conjugated to HRP. An HRP substrate was added 
and the level of antibody determined by quantitatively measuring -the color change. These 
■were compared to naive mice to assess Listeria specific antibody, where a sample was 
considered positive for Listeria if greater than one standard deviation above the 
measurement of a naive serum sample. The CFU per spleen or liver results are shown in 
Figures 14A,B, the sn&rListeria antibody titer is shown in Figure 15, and the survival 
results are shown in Figure 16. This study demonstrates good CFTJ reduction and 
protective immunity of the S-59 treated uvrAB strain with 3 or 5 vaccinations, approaching 
that of the untreated uvrAB strain, and is nearly as effective as the wild type strain. 
Table 15 Dosing of Balb/c mice for assessment of protective immunity, multiple 



vaccinations with S-59/UVA treated strains. 



Vaccine composition 


Treatment 


Days vaccinated 


Dose of vaccination 
(200 nL TV) 


HBSS 




1 




DP-L4056 




1 


5xl0 3 


DP-L4056 heat killed 




1 


1x10* 


DP-L4029 


S-59 Method 2 


1 


1x10* 


DP-L4029wv/v4B 


S-59 Method 2 


1 


1x10 s 


VP-IA029uvrAB 


S-59 Method 2 


3 


1 x 10*(day0) 
2xl0 7 (day2-3) 


VP-lA029uvrAB 


S-59 Method 2 


5 


1 x 10 8 (day0) 
4x 10 7 (day 2-5) 


DP-lA029uvrAB 




1 


5xl0 6 


BP-IA029uvrAB 


Heat killed 


1 


1x10" 


DP-lA029uvrAB 


Heat killed 


3 


1 x 10 s (day0) 
2x10* (day 2-3) 


D?-lA029uvrAB 


Heat killed 


5 


1 x 10*(day0) 
4xl0 8 (day2-5) 
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DP-L4027 




1 


1 x 10 s 


D?-lA406actA 




1 


5 x 10' 



EXAMPLE 14 

Demonstration of breaking of immune tolerance using S-59/UVA treated strains in a mouse 

model. 



[0209] DP-L4029 and DP-L4029 uvrAB strains expressing Gp-70-AHl A5 and 

OVA were S-59/UWV treated according to the second method of Example 13. Gp-70 is an 
autologous mouse arttdgen that is expressed by CT-26 tumor cells. The AH1A5 is a single 
base mutation of the natural sequence which has been stio wn to induce an immune response 
when expressed in live strains (AH1 peptide is SPSYWHQF (SEQ ID NO:20), AH1A5 
peptide is SPSYAYHQF (SEQ ID NO:21)). In a prophylactic immunization study, Balb/c 
mice were vaccinated intraveneously (100 jxL) in groups of 8 mice according to Table 16 
(day 7 post the first set of vaccinations, 3 mice per group were sacrificed and the spleens 
harvested). At day 2 1 post initial vaccination, the remaining 5 mice per group were 
injected intraveneously with 1 x 10 5 CT-26 colon epithelial tumor cells (ATCC) and 
monitored for survival. 

Table 16 Vaccine strains and treatment regimen. 



Group 


Vaccine strain 


Treatment 


Dosing day 


Dose per 
injection 


1 


HBSS control 




0, 14, 15 




2 


DP-L4029 




0, 14, 15 


1 x 10' 


3 


DP-L4029 AH1A5/OVA 




0, 14, 15 


1 x 10' 


4 


DP-L4029 AH1A5/OVA 


Heat killed 


0, 14 


3x 10" 


5 


DP-L4029 AH1A5/OVA 


Heat killed 


0, 1,2, 14 


1x10" 


6 


DP-L4029 AH1A5/OVA 


S-59/UVA 


0, 14 


3 x 10' 


7 


DP-L4029 AH1A5/OVA 


S-59/UVA 


0,1,2, 14 


1 x 10' 


8 


DP-L4029 uvrAB AH1A5/OVA 




0, 14, 15 


1 x 10' 


9 


DP-D4029 uvrAB AH1A5/OVA 


Heat killed 


0, 14 


3x 10" 


10 


DP-L4029 uvrAB AH1A5/OVA 


Heat killed 


0,1,2, 14 


1x10" 


11 


DP-L4029 uvrAB AH1A5/OVA 


S-59/UVA 


0, 14 


3 x 10' 


12 


DP-L4029 uvrAB AH1A5/OVA 


S-59/UVA 


0,1,2, 14 


1 x 10' 
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[0210] The T cell population of the harvested spleen cells was assessed by ICS 

according to Example 5, using LL091, AH1, AH1/A5 peptides or P815 and GT26 cells 
(completely inactivated with 150 mM S-59 and 3 J/cm 2 UVA) to stimulate the cells. The 
P815 cells serve as a negative control for CT26 whole cell stimulation, as the IP815 does 
not express gp70 antigen. The results are shown in Figure 17, indicating that -the treated 
uvrAB mutants result in an AH1A5 or AH1 specific response that can be improved with 
additional vaccinations. The cells were also assessed by ELISPOT assay according to 
Example 5. The cells were stimulated with either AH1A5 or AH1 peptides. Xhe results are 
shown in Figure 18 A, B indicating an immune response to both the AH1A5 and the AH1 
with the uvrAB mutant strains. 

EXAMPLE 15 

Therapeutic vaccination of mice using psoralen attenuated Listeria strains with uvrAB 

deletion. 

[0211] Using C57B1/6 mice, B16.F10.MO5.10.H3 (OVA+, this is a subclone of the 

cells used in Example 4 which have increased homogeneity for OVA expression) 
melanoma tumor cells were injected into the mice (1 x 10 6 in 100 \xL HBSS IV) to establish 
lung metastases. Listeria monocytogenes strains DP-L4029-OVA, DP-L4027-OVA, DP- 
L4038-OVA (ac£4/461T double mutant), and r>P-LA029uvrAB-OVA were used for 
vaccinating groups of ten mice. The DP-L4029«vr^lB-OVA strain was used with and 
without S-59 treatment (>8 log kill by first method of Example 13) and heat killed DP- 
L4029-OVA was used as a control along with HBSS only. The mice were vaccinated (100 
\xL IV in HBSS) on day 3 post tumor implant with the dose given in Table 16. Thirty days 
post tumor implant, five mice per group were sacrificed and the lungs harvested. The 
number of metastases per lung were counted. The remaining five mice per group were 
monitored for survival. The number of lung metastases and median survival days are 
indicated in Table 1 7. The lungs for the actA', c2ctA" OVA, and actA'uvrAR OVA S- 
59/UV A treated and heat killed are shown in Figure 19A, number of lung metastases 
plotted in Figure 19B, and the survival is plotted in Figure 19C. This data shows that the S- 
59/UVA treated uvrAB mutant can be administered as a therapeutic vaccine, resulting in 
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significantly reduced lung metastases and. extended survival compared to aon-yaccinated, 
heat killed control, or DP-L4029 without OVA. 

Table 17 Therapeutic vaccination of mice in an OVA lung tumor model. 



Vaccine strain 


Dose (CFU) 


Mean # of lung 
mets per lung 


Median survival 
days 


HBSS 




173 


34 


DP-L4029 


2x1 0 7 


81 


39 


DP-L4029-OVA 


2xl0 7 


3 


51 


ur'i^txj^—Kjy/x near icuieu 


i v i /~>y 

IX1U 


OCA 

250 


32 


DP-L4029«v/vlB-OVA 


2xlO' 


3 


53 


DP-L4029Mvr^B-OVA 


2xl0 5 


4 


45 


D?-lA029uvrAB-OVA (S-59) 


lxlO y 


11 


45 


DP-L4029«vr^5-OVA (S-59) 


2xl0 3 


134" 


36 


DP-L4027-OVA 


2xlO' 


2 


48 


DP-L4038-OVA 


2xl0 7 


52 


51 



EXAMPLE 16 

Therapeutic vaccination with S-59 inactivated Listeria strains expressing gp70 mouse 

antigen. 

[0212] Using Balb/c mice, CT26 tumor cells (which express AH1) modified to 

express a human antigen (the human antigen being irrelevant for this experiment) were 
injected into the mice (2 x 10 s in 100 nL TV in HBSS) to establish lung metastases. 
Listeria monocytogenes strains DP-L4029, DP-L4029-AH1A5, DP-L4029u^^LB-AHlA5, 
and DP-L4406ac&4-AHl A5(actA/inlB doixble mutant) were used for vaccinating groups of 
thirteen mice. The AH1A5 strains also express the OVA antigen. The DP-L4029wvr^LB- 
AH1 A5 strain was used without treatment, heat killed, or S-59 treated (per second method 
of Example 1 3). The mice were vaccinated (100 juL HBSS IV) beg inning 4 days after the 
tumor implant according to Table 1 8. Nineteen days post tumor implant, thiree mice per 
group were sacrificed and the lungs harvested. The number of metastases per lung were 
counted. The remaining ten mice per group were monitored for survival Tiie results for 
the lung metastases are shown in Figure 20A (lung pictures) and 20B (number of lung 
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metastases plotted) and survival is indicated in Table 18 and Figure 20C (AactA samples) 
and 20D {AactAAuvrAB samples) . The AH1A5 antigen is endogenous to the mice, such 
tfciat any immunization effect would be breaking immune tolerance in the? mice. The results 
indicate that the S-59 treated uvrAJB mutant strain is able to break tolerance in the mice, 
resulting in significantly reduced lung metastases and extended survival. The therapeutic 
effect is improved when the vaccine is dosed over three days compared to a single 
vaccination (total dose delivered over three days is equal to the single day). 



Table 1 8 Therapeutic vaccination of mice using Listeria modified to express AH1 A5 . 



Vaccination strain 


Vaccination days 


Dose 
(CPU) 


Med. 
Survival 
(days) 


# 

survivors 
day 43 


HBSS 


Day 4 




22 


0 


DP-L4029 


Day 4 


1x10' 


24 


o - 


DP-L4029-AH1A5 


Day 4 


1x10' 


>43 


10 


DP-L4029-AH1A5 heat 
killed 


Day 4 


3 x10 s 


21 


0 


DP-L4029-AH1A5 heat 
killed 


Day 4, 5, 6 


1x10" 


22.5 


1 


DP-L4029-AH1A5 
S-59/UVA 


Day 4 


3x10' 


27.5 


3 


DP-L4029-AH1A5 
S-59/UVA 


Day 4, 5, 6 


lxlO 7 


23.5 


2 


DP-L4029 M vr^5-AHlA5 


Day 4 


lxlO 7 


>43 


10 


DP-L4029wv/v4B-AHlA5 
heat killed 


Day 4 


3xl0 8 


23 


1 


DP-L4029kv/*LB-AH1A5 
heat killed 


Day 4, 5,6 


1x10 s 


24 


1 


DP-L4029uvr J 4S-AHlA5 
S-59/UVA 


Day 4 


3 x 10' 


31 


4 


DP-L4029uw*LB-AHlA5 
S-59/UVA 


Day 4, 5,6 


lxlO 7 


>43 


8 


DP-L4406act4-AHlA5 


Day 4 


. 1x10' 


>43 


10 
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EXAMPLE 17 

Evaluation of S-59/UVA treated Listeria monocytogenes localization in dendritic cells 

using fluorescence microscopy. 

[0213] The uptake and distribution of Listeria monocytogenes within an antigen 

presenting cell was evaluated by fluorescence microscopy. The dendritic cell line DC 2.4 
was cultured on coverslips in a Petri dish at 5 x 10 5 cells per dish in complete RPMI media, 
RPMI-1640 (Gibco) supplemented with 10% FBS (Hyclone), lx Non-Essential Amino 
Acids (Cellgro), 5 x 10 4 LU. Penecilhn/5 x 10 4 ^g Streptomycin (Irvine Scientific), 2 mM 
L-glutamine (Irvine Scientific) and 1 nM Sodium Pyruvate (Sigma), and incubated 
overnight at 37 °C (this could be done similarly with other cell lines, e.g, macrophage 
J774). Stationary phase cultures of Listeria strains (DP-L4056, DP-L4027 (LLO-) and DP- 
L4056uvrAB) were prepared by seeding 3 mL of BHI media with a bacterial colony and 
growing at 30 °C overnight. 

[0214] The overnight cultures of Listeria were diluted 1 :20 in fresh BHI media 

and stationary phase cultures at 30°C were grown to an ODeoo of 0.5-0.6. Approximately 1 
mL of the overnight cultures for the DP-L4056 and DP-lA056uvrAB strains were also heat 
killed at 72 °C for 3-4 hrs. Frozen stocks of psoralen inactivated DP-L4-056 and DP- 
L4056uvrAB Listeria, prepared according to the second method of Example 13, were 
thawed and allowed to recover in stationary phase at 37° C for 1 hr. Prior to infection, 
ODeoo readings of all Listeria preparations were obtained, the number of DC 2.4 cells per 
coverslip were counted and ^Multiplicity of Infection (MOI, number of bacteria per DC 2.4 
cell) for each strain were calculated. Fresh log phase cultures were used to infect cells at an 
MOI of 5, heat-killed cultures were used at an MOI of 20 and S-59/UVA treated strains at 
an MOI of 10. 

[0215] The coverslips were transferred to a 24 well dish and washed 3 times with 

RPMI lacking Pen/Strep and appropriate dilutions of the Listeria strains to give the desired 
MOI were incubated with the cells in Pen/Strep free media for 30 mins at 37° C. The 
coverslips were then washed 3 times with Pen/Strep free media and incubated at 37° C for 
another 30 mins. At the end of the incubation, the coverslips were washed and incubated in 
media with 50p,g/ml Gentaroycin for 4 hrs at 37 °C. Coverslips were then washed in PBS 
and fixed in 3.5% formaldehyde/PBS for 15 mins at room temperature. Post fixation, 
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coverslips were washed/permeablized withTBS-Tx buffer (25 mM Tris-HCl pH 8.0, 15 0 
mM NaCl, 0.1% Triton X-100) and blocked in 1 % BSA/TBS-Tx for 15 mins at room 
temperature. Coverslips were stained with Rabbit anti-Listeria O antigen anti-serum 
(Difco) for 30 miniates at room temperature and washed in TBS-Tx buffer. Samples were 
then stained with Fluorescein labeled anti-rabbit secondary antibody (Vector Laboratories) 
and actin was stained with Rhodamine-Phalloidin (Molecular Probes). Coverslips were 
washed in TBS-Tx and mounted on slides in VectaShieid+DAPI-hardset (Vector 
Laboratories) in order to stain for cell nuclei. Slides were allowed to dry for at least 8 hrs 
and cells were visualized on a Nikon TE300-U inverted microscope. Images were taken 
using a CCD Hamamatsu C4742-95-12NR camera and analyzed using Image-Pro software 
from Phase 3 Imaging Systems. 

[0216] Three images were taken for each field; one using a UV-2E/C filter 

(CHROMA Technology Cdrp, visualizes DAPI/rmclei), a second with a HYQ TRTTC filter 
(CHROMA Technology Corp, visualizing actin) and a third using a B-1A (HYQ-FITC) 
filter (CHROMA Technology Coip, visualizing Listeria). The three images were then 
merged to determine if staining for Listeria co-localizes with staining for actin. Listeria 
that were unable to escape the phagolysosome appear green while those that were able to 
escape into the cytosol were able to nucleate actin and therefore appeared yellow due to tie 
co-localization of actin (red) and Listeria (green). In order to quantitate the percentage of 
Listeria that was able to escape the lysosome, the total number of Listeria in the field were 
counted and the number of Listeria that appeared yellow were determined by counting 
yellow bacteria or by confirming the presence of the actin from the rhodamine image (see 
Figure 21 A). The number of Listeria that escaped the phagolysosome were divided by tfcie 
total number of Listeria counted and the percentage of phagolysosomal escape was 
calculated, as reported in Table 19 and represented in Figure 21B. The results indicate thiat 
the heat killed strains and the S-59/UVA treated wild type strain behave like the LLP" 
strain, i.e. can not escape the phagolysosome, while the uvrAB mutant that is S-59/UVA 
treated shows substantial ability to escape the phagolysosome. 

Table 19 Percentage of Listeria escaping the phagolysosome for DP-L4056 (+/- S- 



59/LTVA, heat killed), DP-L4027, and DP-L4056uvrAB (+/- S-59/UVA, 
heat killed). 



Listeria Strain 


Treatment 


Listeria 


Cytoplasmic 


% Phagolysosomal 






counted 


Listeria 


escape 
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DP-L4056 


none 


855 


521 


61 


DP-L4056 


Heat killed 


189 


0 


0 


DP-L4056 


S-59/UVA 


642 


1 


0.16 


LJr-Lrt\Jj O UVr/LD 


none 


795 


470 


59 


DP-lA056wrAB 


Heat killed 


162 


0 


0 


D?-lA056uvrAB 


S-59/UVA 


1047 


493 


46.S> 


DP-L4027 


none 


343 


5 


1.4 



EXAMPLE 18 

Visualization of S-59 UVA treated Listeria monocytogenes nvrAB' strains using Gram 

stain. 

[0217] Wild-type and uvrAB' strains of Listeria monocytogenes were grown 

to an 0b 6 oo of 0.5, at which point 50 mL of solution was transferred to a clean flask and S- 
59 was added to a level of 2500 nM for the wild-type strain and 200 nMfor the uvrAB' 
mutant strain. These samples were incubated at 37 °C at 300 rpm for approximately 1 hour 
(ODgoo approximately 1.0, approximately 1 x 10 9 /mL). A 1 mL aliquot was removed to 
assess the? titer and the remaining was transferred to a 150 mm Petri dish and iiradiated at a 
UVA dose of 6 J/cm2 (FX-1019), resulting in > 8 log inactivation for both strains. The 
treated strains were stored frozen as described in Example 13. These were thawed and 
diluted 1:10 into BHI medium in a 1 5 mL tube at a concentration of approximately- 1 -2 x 
10 9 per mL. These were incubated at 37 °C at 300 rpm and aliquots were removed at 0, 2, 
4,6, 8 hours and overnight (approximately 18 hours). The aliquots were spread orx glass 
slides (approximately 50 jxL) and allowed to air dry. The smear was heat fixed by passing 
through a flame three times, then allowed to cool before Gram staining using Fisher Gram 
Stain Set (catalog # 282-407). The slides were viewed on a microscope and photographed 
and the negative images are shown in Figure 22. This clearly demonstrates the unique 
nature of the treated repair deficient strain, "which shows chains indicating gene expression 
but is not able to divide such that the bacteria do not proliferate. 
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EXAMPLE 19 
Construction of additional mutant listeria strains. 

(0218) Preparation of mutant Listeria strains. Listeria strains were derived from 

10403S (Bishop et al., J. Immunol. 139:2005 (1987)). Listeria strains with in-frame 
deletions of the indicated genes were generated by SOE-PCR and allelic exchange with 
established methods (Camilli, et al, Mol. Microbiol. 8:143 (1993)). The mutant strain LLO 
L461T (DP-L4017) was described in Glomski, et al, J. Cell. Biol. 15 6: 1029 (2002), 
incorporated by reference herein. The actA' mutant (DP-L4029) is the DP-L3078 strain 
described in Skoble et al., J. of Cell Biology, 150: 527-537 (2000), incorporated by 
reference herein in its entirety, which has been cured of its prophage. (Prophage curing is 
described in (Lauer et al.,7. Bacteriol. 184:4177 (2002); U.S. Patent Publication No. 
20O3/0203472).) The LLO" mutant (DP-L4027) (Lauer et al., J. of Bacteriology, 184:4177- 
4186 (2002)), and LLO A26 (DP-L4042) (Decatur et id, Science 290 =992 (2000)) were also 
described previously. Construction of an actA'uvrAB' strain is described in the copending 
U.S. provisional application 60/446,051, filed February 6, 2003, as LAQ29/uvrAB (see, e.g. 
Example 7 of that application). DP-L4029uvr^S (actAVuvrABT) was deposited with ATCC 
October 3, 2003, assigned PTA-5 563. 

[0219] Construction ofpKSV7-dl inlBfor deletion of MB from Listeria by allelic 

exchange. Deletion of MB from Listeria DP-L4029 (or from other selected mutant strains 
or from wild-type Listeria) can be effected by allelic exchange, as described by Camilli et 
al., Mol. Microbiol. 8: 143-147 (1 993). Overlapping PCR can be used to prepare the 
construct used in the allelic exchange procedure. The source of the internalin B gene is the 
sequence listed as Genbank accession number AL591975 (Listeria monocytogenes strain 
EGD, complete genome, segment 3/12; MB gene region: nts. 97008-98963) and/or the 
sequence listed as Genbank accession no. NC_003210 (Listeria monocytogenes strain 
EGD, complete genome, inlB gene region; nts. 457008-458963) both of which are 
incorporated by reference herein in their entirety. 

[022OJ In the primary PCR reactions, approximately 1000 bps of sequence 

upstream and downstream from the Listeria inlB gene 5' and 3 ' ends, respectively, are 
amplified using the following template and primers: 

Template: DP-L4056 or DP-L4029 genomic DNA 

Primer pair /(For amplification of region upstream from 5' erxd of MB): 
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Lm-96031F: 5 ' -GTTAAGTTTCATGTGGACGGCAAAG (SEQID 

NO:22)(T m : 72°C) 
Lm-(3' inlB-R +) 97020R: 5'- 

AOGTCTTTTTP A fiTT A a r^T A Tf,< ^ Trvrr,r TTG ATTCTAGTTAT 
(SEQ ID NO:23) (T m : 1 14°C) 
(The underlined sequence complementary to region downstream of MB 

carboxy terminus.) 
(Amplicon Size (bps): 1007) 
Primer pair 2 (For amplification of region downstream from 3' end of MB): 
Lm-(5* inlB-V +) 9891 IF: 5'- 

CAAGGAGAOr T ATA<TrTA a, rrr.A a a 4 AGACCTAAAAAAGA 
AGGC (SEQ ID NO:24) (T m : 1 1 8°C) (The underlined sequence is 
complementary to region upstream of MB amino terminus.) 
Lm-9997<XR: 5 '-TCCCCTGTTCCTATAATTGTTAGCTC (SEQ ID 

NO:25) (Tm: 74°C) 
(Amplicon. size (bps): 1074) 
10221] In the secondary PCR reaction, the primary PCR amplicons are fused 

through overlapping PCR, taking advantage of complementarity between reverse primer 
from pair 1 and the forward primer of pair 2. This results in precise deletion of inlB coding 
sequence: nts. 97021-98910=1889 bps. The following template and primers were utilized 
in the secondary PCR reaction: 

Template: Cleaned primary PCR reactions 
Primer pair: 

Lm-96043F: 5 '-GTGGACGGCAAAGrAAACAACCAAAG (SEQID 
NO:26)(T m : 74°C) 

Lm-99964R: 5 '-GTTCCTATAATTGTTAGCTCATTTTTTTC (SEQ ID 
NO:27) CT m : 74°C) 

(Amplicon size (bps): 2033) 
[0222] A protocol for completing the construction process is as follows: 

[0223] The primary PCR reactions <3 temperature cycle) are performed using Vent 

DNA polymerase (NEB) and 10 ul of a washed 30°C Listeria DP-L4056 OR DP-L4029 
overnight culture. The expected size of Listeria amplicons by 1% agarose gel (1007 bps 
and 1074 bps). The primary PCR reactions are gel purified and the DNA eluted with 
GeneClean(BIO101). 
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[0224] A secondary PCR reaction is performed, utilizing approximately equal 

amounts of each primary reaction as template (ca. 5 *d). The expected size of the Listeria 
amplicon from the secondary PCR reaction is verified by 1% agarose gel (2033 bps). 
Adenosine residue are added at the 3' ends of Listeria dl inlB amplicon with Taq 
polymerase. 

[0225] The Listeria dl inlB amplicon is then inserted into a pCR2. 1-TOPO vector. 

The pCR2.1-TOPO-dl inlB plasmid DNA is digested with Xhol and Kpnl and the 2 1Z3 bp 
fragment is gel purified. The Kpnl/Xhol 2123 bp fragment is inserted into a pKSV7 vector 
that has been prepared by digestion with Kpnl and Xliol and treatment with CIAP (pKS V7- 
dlinlB). [Correct?] Tlie fidelity of dl inlB sequence in pKSV7-dl inlB is then verified.. 
The inlB gene is deleted from desired Listeria strains by allelic exchange with pKSV7-dl 
inlB plasmid. 

[0226] Construction of antigen-expressing strains. Mutant Listeria strains - 

expressing a truncated form of a model antigen ovalbumin (OVA), the immunodominant 
epitope from mouse colorectal cancer (CT26) known, as AH1 (SPSYVYHQF; SEQ ED 
NO:20), and the altered epitope AH1-A5 (SPSYAYHQF; SEQ ID NO:21; Slansky et al, 
Immunity, 13:529-538 (2000)) were prepared. The pJPL2 integrational vector (Lauer et al., 
J. Bacteriol 184:4177 (2002); U.S. Patent Publication No. 2003/0203472) was used to 
derive OVA and AH1-A5/OVA recombinant Listeria* strains containing a single copy 
integrated into an innocuous site of the Listeria genome. 

[0227] Construction of OVA-expressing Listeria (DP-L4056). An antigen 

expression cassette consisting of hemolysin-deleted ULO fused with truncated OVA an_d 
contained in the pPL2 integration vector (pPL2/LLO-OVA) is first prepared. The Listeria- 
OVA vaccine strain is derived by introducing pPL2/LXO-OVA into the phage-cured X. 
monocytogenes strain DP-L4056 at the PSA (Phage firom ScottA) attachment site tRNA^- 
attBB\ 

[0228] PCR is used to amplify the hemolysin-deleted LLO using the following 

template and primers: 

Source: DP-L4056 genomic DNA 

Primers: 

Forward (KpnI-TJLO nts. 1257-1276): 

5 ^CTC TGGTACCT CCTTTG^ATTAGTATATTC (SEQ ID NO: ,28) 

(T m : LLO-spec: 52°C. Overall: 80°C.) 
Reverse (BamHI-XhoI-LLO nts. 281 1-2792): 
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S^AA TGGATCCCTCGAGA TCATAATTTACTTrATrrin 
(SEQBDNO:29) 

(T ra : LLO-spec: S2°C. Overall: 102°C.) 
[0229] PCR is also used to amplify the truncated OVA using the following template 

and primers: 

Source: pDP3616 plasmid DNA from DP-E3616 E. coli (Higgins e*t ah, Mol 

Molbiol 31:1631-1641 (1999)). 
Primers: 

Forward (Xhol-Ncol OVA cDNAnts. 174-186): 

S'-ATTTCTCGAG TCCATGG GGGGTTCTCATCA.TC (SEQ ED 
NO:30) 

(T m : OVA-spec: 60 0 C. Overall: 88°C.) 
-Reverse (Xhol-Notl-Hindffl) : - 

5 '-GGT GCTCGAGTOCGGCCGCAAGCTT f SEO ID NO:3 1) 

(T m : Overall: 82°CO 
[0230] One protocol for completing the construction process involves first cutting 

the LLO amplicon with Kpnl and BaniHI and inserting the Kpnl/BamHI vector into the 
pPL2 vector (pPL2-LLO). The OVA amphcon is then cut with Xhol and N~otI and inserted 
into the pPL2-LLO which has been cut with Xhol/Notl. (Note: The pPL2 vxctor does not 
contain any Xhol sites; pDP-3616 contains one Xhol site, that is exploited in the OVA 
reverse primer design.) The construct pPL2/XLO-OVA is verified by restriction analysis 
(KpnI-LLO-XhoI-OVA-NotI) and sequencing. The plasmid pPL2/LLO-OV"A is introduced 
into E. coli by transformation, followed by introduction and integration into Listeria (DP- 
L4056) by conjugation, exactly as described hy Lauer et al. (or into another desired strain 
of Listeria, such as an inlE mutant or an inlBTactA' double mutant). 
[0231] A description of the insertion of an antigen expression cassette that 

expresses OVA can also be found in Example 8 of the U.S. provisional application entitled 
"Free-living Microbe Based Vaccine Compositions", US Serial No. 60/511 ,869, filed 
October 15, 2003. 

[0232] Construction of Listeria strains expressing AH1 /OVA or AH2-A5/OVA. To 

prepare Listeria expressing either the AH1/OVA or the AH1-A5/OVA antigen sequences, 
inserts bearing the antigen are first prepared £om oligonucleotides and then ligated into the 
vector pPL2-IXO-OVA (prepared as described above). 
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[0233] The following oligonucleotides are used in preparation of the AH 1 or AH1- 

A5 insert: 

AH1 epitope insert (Clal-PstI compatible ends): 
Top strand oligo (ABC 1 Top): 

5 , -CGATTCCCCTAGTTATGTTrACCACCAATrrGCn , GC^ (SEQ ID 
NO:32) 

Bottom strand oligo CAH1 Bottom): 

S'-GCAAATTGGTOGTAAACATAACTAGGGGAAT (SEQIDNO:33) 
AH1-A5 epitope insert (Clal-AvaU compatible ends): 

The sequence of the AH1-A5 epitope is SPSYAYHQF (SEQ ID NO:21) 
(5'-AGT CCA AGT TAT GCA TAT CAT CAA TTT-3' (SEQ ID 

NO:34)). 

Top: S'-CGATAGTCCAAGTTATGCATATCATCAATTTGC (SEQ ID 
NO:35) 

Bottom: 5 '-GTCGC AAATTGATGATATGCATAACTTGGACTAT 
(SEQIDNO:36) 

[0234] The oligonucletide pair for a given epitope are mixed together at an 

equimolar ratio, heated at 95 °C for 5 min. The oligonucleotide mixture is then allowed to 
slowly cool. The annealed oligonucleotide pairs are then ligated at a 20 O to 1 molar ratio 
with pPL2-LLO/OVA plasmid prepared by digestion with the relevant restriction enzymes. 
Tlie identity of the new construct can be verified by restriction analysis and/or sequencing. 
[0235] The plasmid can then be introduced into E. coli by transfbrmation, followed 

by introduction and integration into Listeria (DP-L4056) by conjugation, exactly as 
described by Lauer et al. (or into another desired strain of Listeria, such as an inlE mutant 
or an inlKactA' double mutant). 

EXAMPLE 20 

Assessment of in vivo cytotoxic activity in mice vaccinated with Listeria monocytogenes. 

[0236] A series of studies were done to assess the ability of vaccinated mice 

to lyse antigen specific target cells in vivo. In the first study, Balb/c mice were vaccinated 
either intraveneously (IV) with Listeria monocytogenes strains DP-L4029 (actA\ DP- 
L4029 expressing AH1/A5, and DP-L4029 uvrAR expressing AH1/A5. The AH1/A5 
expressing strains were also treated with S-59 UVA according to the second method of 
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Example 13. The Listeria constructs expressing AH1-A5 also express LLO and OVA. 
Vaccinations were done on day 0, for all groups and additionally on days 1 and 2 for the S- 
59 treated strains at the dose (0. 1 LD 50 ) indicated in Table 20. For each strain and control, 
two groups of 3 mice were vaccinated. A target cell population was prepared by harvesting 
the spleens of 20 naive Balb/c mice in RPMI 1640 medium. The cells were dissociated and 
the red cells lysed. The wliite blood cells were counted and split into four equal 
populations. Each group was pulsed with a specific peptide, either target AH1 
(SPSYVYHQF (SEQ ID NO:20), from SynPep, Dublin, CA), target AH1-A5 
(SPSYAYHQF (SEQ ID NO:21), SynPep), or two populations pf control (p-gal, 
TPHPARIGL (SEQ ID NO:37)), at 0.5 M g/mL for 90 minutes at 37 °C. Cells were then 
washed 3 times in medium, and twice in PBS + 0.1% BSA. Cells were resuspended at 
1 x 10 7 per mL in warm PBS + 0. 1% BSA (10 mL or less) for labeling with 
carboxyfluorescein diacetate succinimidyl ester (CFSE, Molecular Probes, Eugene, OR). 
To the target cell suspensions, 1.25 ^iLof a5mM stock of CfSE was added and the sample 
mixed by vortexing. To th.e control cell suspensions, a ten-fold dilution of the CFSE stock 
was added and the sample mixed by vortexing. The cells were incubated at 37 °C for 
10 minutes. Staining was stopped by addition of a large volume (>40 mL) of ice-cold PBS. 
The cells were washed twice at room temperature with PBS, then, resuspended and counted. 
Each cell suspension was diluted to 50 x 1 0 6 per mL, and 100 \iL of each population was 
mixed and injected via the tail vein of either naive or vaccinated mice on day 6. For each 
strain or control, the group of 3 mice was injected with P-gal and AH-1 or P-gal and AH1- 
A5. After 12-24 hours, the spleens were harvested and a total of 5 x 10 6 cells were 
analyzed by flow cytometry. The high (target) and low (control) fluorescent peaks were 
enumerated, and the ratio of the two was used to establish the percentage of target cell lysis 
relative to the HBSS control population. The results are shown in. Table 20 and Figure 
23 A. (The tables in this example show averages for three mice, while the figures are 
representative histograms from individual mice for the indicated samples (not necessarily 
the same mouse).) The vaccination using the S-59 treated stains sliows a slightly better 
response to AH1 for the uvrABT mutant and a significantly higher response to AH1-A5 for 
the uvrABT mutant relative to the S-59 treated actA strain. 
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Table 20 In vivo cytotoxicity of Balb/c mice vaccinated as indicated on day 0, also 
days 2 and 3 for S-59 treated strains. 





% of target cells killed 


Immunization 


S-59 


Vaccination dose 


AH1 


AH1-A5 


HBSS 




lOOpL 


0 


0 


actA' 




5 xlO* 


3.8 


7:2 


actA' AH1-A5 




5 xlO" 


17.9 


77.2 


actA-uvrAF AH1-A5 




5 xlO 6 


33.6 


85.1 


acW AKI-A5 


+ 


1 x 10 ' each day 


7.1 


3.9 


actA'uvrAff AH.1-A5 


+ 


1x10' each day 


8.7 


56.1 



[0237] This study was repeated with an additional vaccination at day 14 for 

all groups and additionally days 15 and 16 for the S-59" treated strains. The labeled target 
cells were injected on day 20. The results are shown in Table 21 and Figure 23B. The 
response to the S-59 treated uvrAB" mutant can be significantly improved with a boost 
vaccination, this is not the case for the S-59 treated actA' strain. 

Table 21 In vivo cytotoxicity of Balb/c mice vaccinated as indicated on day 0 and 14, 



also days 2, 3, 15, and 16 for S-59 treated. 





% of target cells killed 


Immunization 


S-59 


Vaccination dose 


AH1 


AH1-A5 


HBSS 




lOOuL 


0 


0 


actA' 




5 3 10" 


1.4 


-5.9 


actA'AEl-A.5 




5 3C10" 


27.4 


96.4 . 


actA-uvrAF AH.I-A5 




5 xlO* 


52.9 


97.0 


actA' AH1-A5 


+ 


1 x 10 ' each day 


3.6 


5.7 


actA'uvrAff AH1-A5 


+ 


1 x 10 v each day 


19.2 


84.5 



[0238] A similar study was done using actA', actA' expressing OVA and 

actA'uvrAR expressing OVA, including with and without S-59 treatment for the OVA 
expressing strains. This study used C57B1/6 mice. Groups of 6 mice were vaccinated day 
0 (also 1 and 2 for S-59 treated) and three of eacbi group was injected with labeled target 
cells on day 6. The remaining mice were vaccinated day 14 (also 15 and 16 for S-59 
treated) and injected with labeled target cells on day 20. In this study, the naive target 
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spleen cells were pulsed with p-gal (low CFSE) or SL8 (high CFSE). The results are 
shown in Table 22 and Figure 23C. AgairL, the response to the S-59 treated tdvrAB' mutants 
is enhanced significantly with a boost vacoination. 
Table 22 In vivo cytotoxicity of Balb/c mice vaccinated as indicated 





% of target cells killed 


Immunization 


; S-59 


Vaccination dose 


primary 


boost 


HBSS 




100 yL 


0 


0 


actA" 




1 x 10' 


-6.6 


0.1 


actA' OVA 




1 x 10' 


98.9 


97.1 


actA-uvrAET OVA 




1 x 10' 


99.5 


98.1 


actA' OVA 


+ 


1 x 10* each day 


0 


0 


actA'uvrAE OVA 


+ 


1 x 10 8 each day 


46.5 


84.8 



EXAMPLE 21 

S-59/UVA treatment of Bacillus artthracis with and without uvrAB deletion. 



[0239] The allelic exchange methods detailed in Examples 7- 9 and Camilli et al., 

Molecular Micro., 8: 143-147 (1993) were "used to modify the Bacillus anthrczcis Sterne 
strain. The virulence of this strain is attenuated (pX01 + , pX02). 

[0240] The uvrAB gene from Bacillus anthracis was identified (Genbank accession 

number AE0 17040, Bacillus anthracisAia.es strain, section 17 of 18 of the complete 
genome, uvrAB genes coding sequence: nts. 212613-217471) and a plasmid based on 
pKSV7 with the uvrAB gene deletion was constructed (pKSV7-rf/ uvrAB) using Splice 
Overlap Extension (SOE) PCR and the steps described below: 

[0241] Primary PCR reactions: Approximately 1 000 bps of sequence upstream and 

downstream from the 5. anthracis uvrAB genes 5* and 3' ends, respectively, -were 
amplified. 

Template: 5, anthracis Sterne genomic DNA 

Primer pair 1 : Amplification of region 1000 bp upstream from 5' end of uvrB. 
(Amplicon Size (bps): 1029) 

Ba-225099F: 5 '-CTGTGCTTTGCGAATGGAAAGAAGC (SEQ ID 
NO:38)(T m : 74°C> 
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Ba-(3 ' uvrA-R +) 226 1 09R: 

5 '- GTTTTCATTC AT ACACTTAG ACAAGCGTTOOfTTTTTOr A 
CTTC(SEQIDNO:39)(T m : 120°C) (Underlined sequence is 
complementary to region downstream of uvrA carboxy terminus.) or 
Ba-226109R: 5 '-GACAAGCGTTGGCTTTTOCACTTC (SEQ ID 
NO:40) (T m : 72°C). 
Primer pair 2: Amplification of region downstream from 3' end of uvrA. 

(Amplicon size (bps): 990) 

Ba-(3' uvrA-R +) 230779F: 

5 ' - C AAAAGCC AACGCTTGTCT AAGTGT ATG AATG A AAA C.C 
GAGTGG (SEQ ID NO:41) (T m : 126°C) (Underlined sequence is 
complementary to region upstream of uvrB amino terminus.) or Ba- 
230779F: 5*-AAGTGTATGAATGAAAACC GAGTGG (SEQ ID 
NO:42)(T m : 70°C) 

Ba-231769R: 5 '-CATATAAAGGTTCC ACAATTGCCTTTTC (SEQ ID 
NO:43) (T m : 76°C) 

[0242] Secondary PCR reaction: Fusion of primary PCR amplicons through SOE 

PCR, taking advantage of complementarity between reverse primer of pair 1 and the 
forward primer of pair 2. Results in precise deletion of uvrAB coding sequence: nts. 
226 1 10-230779=4670 bps. 

Template: Cleaned primary PCR reactions 
Primer pair: (Amplicon size (bps): 1973) 

Ba-2251 18F: 5 '-GAAGCAGAAATGAAGCCAATACTCAATC (SEQ ID 

NO.-44) (T m : 78°C) 
Ba-23 1761R: 5 '-GGTTCCACAATTGCCTTTTC AATAATC (SEQ ID 
NO:45)(T m : 74°C) 

[0243] Construction: Primary PCR reactions (3 temperature cycle) are performed 

using Vent DNA polymerase (NEB) and Sterne strain genomic DNA_. Four primary PCR 
reactions are performed both with and without primers used for splice overlap extension 
(SOE). (If reactions containing Ba-(3 ' uvrA-R +) 226109R or Ba{3' uvrA-R +) 226109R 
primers did not yield significant amplicon product, then these primers on amplicons from 
reactions with Ba-225099F/Ba-226109R or Ba-230779F/ Ba-23 1769R primer pairs were 
used.) The expected size of anthracis primary amplicons by 1% agarose gel (1029 bps and 
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990 bps) was verified. The reaction was cleaned with S6 columns (BioRad) or GeneClean 
(BIO 101). 

[0244] The secondary PCR reaction was performed, utilizing approximately equal 

amounts of each primary reaction as template (ca. 5 pi) were performed. The expected size 
of the Listeria amplicon. from secondary PCR reaction toy 1% agarose gel (1973 bps) was 
verified. 

[0245] The anthracis dl uvrAB amplicon was inserted into pCR2.1 -Blunt II-TOPO 

vector. The plasmid pCR2.1-TOPO-rf/ uvrAB plasmid DNA was digested with Kpnl and 
PstI and gel-purify 2033 bp fragment. The KpnIIPstI 2033 bp fragment was inserted into 
pKS V7 vector, that had been prepared by digestion with Kpnl and PstI and treatment with 
CIAP (pKSV7-<# uvrAB). The fidelity of dl uvrAB sequence in pKSVl-dl uvrAB was 
verified. 

[0246] The uvrAB gejies were "deleted from B. anthracis Sterne by allelkrexchange 

with pKSV7-<// uvrAB plasmid. The plasmid pKSV7-ctt uvrAB was introduced into the B. 
anthracis Sterne strain "by electroporation selecting for chloramphenicol resistance. The 
electroporation was done using a freezing step that significantly increased the frequency of 
electroporation. B. anthracis culture was grown O/N in 3 ml BHI 0.5% glycerol shaking at 
37°C. 0.5 ml culture was transferred to 50 ml BHI 0.5 % glycerol (OD 6 oo=0.1) in 500 ml E- 
flask. The sample was incubated at 200 rpm 37°C. (or 0.1-0.2 ml to 25 ml BHI 0.5% 
glycerol in 250 ml flask). At OD^^ 0-6-0.8 (approx 1 hour 45 min), bugs were collected 
in 500 ml disposable sterile filter apparatus. The bugs were washed 3 x 25 ml each with 
cold electroporation buffer (1 mM HEPES 10% glycerol pH 7.4). The cells were 
resuspended in 1/20 original volume (2.45 ml of e-poration buffer for 50 ml culture) and 
kept on ice. 1 \ig (1 to 5 ul of miniprep) of "very clean" unmethylated plasmid DNA to 0.2 
ml cells suspension in a 0.2 cm gap e-poration cuvette (control=no DNA). The sample was 
then kept on ice for 15 min. The cells were then pulsed at 25 jiFD, 200Q, 2.5 kV (or, 
alternatively, 0.4 ml cells were pulsed in 0.4cm cuvette at 400Q). Time constant was 
approximately 4-5 msec. Immediately after pulse, 1 ml BGGM (BHI containing 10% 
glycerol, 0.4% glucose and 10 mM MgC12) was added. The cells are transfered to a sterile 
polyprop. tube and incubated 37°C 1 1/2 hour, shaking. The cells are pelleted, resuspended 
in 200 ^1 BGGM and plated on selective media. 

[0247] The pKSV7-rf/ uvrAB was integrated into the B. anthracis chromosome at 

41° C. pKSV7-rf/ uvrAB was allowed to excise and cure at the permissive temperature, 
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resulting in chloramphenicol sensitive colonies. PCR primers were designed to detect tfcie 
deletion on the chromosome. 20% of the chloramphenicol sensitive colonies harbored tlxe 
deletion in the B anthracis chromosome. PCR analysis of the uvrAB' strain indicated 
retention of the pXO 1 virulence plasmid. 

[0248] Two tAvrAB' clones (clone 8 and clone 32 A) were S-59-treated, along with 

the parent strain, by growing in BHI at 37 °C at 300 rpm to an OD^o of 0.3, at which point 
50 mL of solution was transferred to a clean flask and S-59 was added to the concentrations 
indicated in Table 23 . These samples were incubated at 37 °C at 300 ipm with vigorous 
shaking for approximately 1 hour (OD^o approximately 1 .0, approximately 1 x 1 0 9 /mL) . A 
1 mL aliquot was removed to assess the titer and the remaining was transferred to a 150 
mm Petri dish and irradiated at a UVA dose of 6 J/cm 2 (FX-1019), resulting in a six-log 
reduction in titer, as compared to the parental strain, as indicated in Table 23, below, and 
Figure 24. This"demonstrates a sensitivity to psoralen, treatment'in B. anthracis that is 
similar to that observed for Listeria monocytogenes uvrAB' strains. 
Table 23 Attenuation of Bacillus anthracis Sterne strain vs. uvrAB' mutant with 



psoralen S-59/UVA treatment. 



S-59 


Bacterial log titer 


Log attenuation 


nM 


Sterne 


uvrAB{\) 


uvrAR(2) 


Sterne 


uvrAB'{\) 


uvrAff(2) 


0 


8.26 


8.13 


8.31 








25 




7.46 


7.45 




0.67 


0.86 


50 




6.31 


6.28 




1.82 


2.03 


100 




3.11 


3.68 




5.02 


4.63 


200 


6.84 


1 . 


1 


1.42 


>7.13 


>7.31 


400 




1 


1 




>7.13 


>7.31 


500 


5.29 






2.97 






1000 


3.11 


1 


1 


5.15 


>7.13 


>7.31 


1500 


1 






>7.26 






2500 


1 






>7.26 






5000 


1 






>7.26 







EXAMPLE 22 

Use of vaccines of the invention for the in vivo treatment of human cancers. 
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10249] As an example of the treatment or prevention of a human cancer, a vaccine 

comprising an antigen-presenting cell that has been loaded and activated by infection by a 
microbe modified so that the proliferation of the microbe is attenuated, wherein "the 
microbial gene expression is substantially unaffected, is administered to an individual. The 
microbe can be prepared following the protocols of examples 4 and 5, wherein a-ny desired 
prokaryotic expression cassettes encoding human tumor antigen(s) are incorpoia-ted into the 
microbe, by utilizing, for example the pPL2 integration vector described in Example 8, or 
any modifications thereof, or by any methods that axe common to those in the art.. 
Antigen-presenting cells (APCs) are then loaded aixd activated with the modified microbes 
using methods such as those outline herein. 

[0250] The resulting APC vaccine may be formulated in crude, or preferably 

purified form. The vaccine composition may be prepared as a liquid suspension.. In 
~" addition, they may be foriiiulated with additives such as preservatives (e.g. thim^rosal, 2- 
phenoxy ethanol), stabilizers (e.g. lactose, monosodium glutamate), adjuvants (e.g. 
aluminum hydroxide, aluminum phosphate, cytokines), antibiotics (e.g. neomycin, 
streptomycin) or other substances. Formulations may be resuspended or diluted, in a 
suitable diluent such as sterile water, saline, isotonic buffered saline (e.g. phospliate 
buffered to physiological pH), or other suitable diluent. 

[0251] The vaccine may be administered byr a variety of routes, including oral, 

nasal, intraverteous, intradermal, intraperitoneal, intramuscular, intralymphatic and 
subcutaneous routes, as well as by any route that is relevant for any given malignant or 
infectious disease. An effective amount of the vaccine will be administered to an 
individual for treatment. For a therapeutic treatment, an effective amount is a dose that will 
result in the desired immune response, wherein the immune response either slows the 
growth of the targeted tumors, reduces the size of the tumors, or preferably elhoinates the 
tumors completely. The administration of the vaccine may be repeated at appropriate 
intervals, and may be administered simultaneously at multiple distinct sites in ttie 
vaccinated individual. For the prophylactic treatment, an effective amount is a dose that 
will result in a. protective immune response such that the likelihood of an individual to 
develop the cancer is significantly reduced. The vaccination regimen may be comprised of 
a single dose, or may be repeated at suitable intervals until a protective immune response is 
established. 

[0252] The therapeutic treatment of an individual may be started on an individual 

who has been, diagnosed with a cancer as an initial treatment, or may be used in 
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combination with other treatments. For example, individuals who have had tumors 
surgically removed or who have been treated with radiation therapy or h>y chemotherapy 
may be treated with the vaccine in order to reduce or eliminate any residual tumors in the 
individual, or to reduce the risk of a recurrence of the cancer. The prophylactic treatment 
of an individual would be started on an individual who has an increased risk of contracting 
certain cancers, either due to environmental conditions or genetic predisposition. 

EXAMPLE 23 

Generation of recombinant tumor Ag-secreting vaccines based on attenuated strains of 

Listeria, 

[0253] Chicken ovalbumin (OVA) fused with a truncated fonn of Listeriolysin O 

(LLO) to facilitate antigen secretion, and MHC class I processing was used as a model 
aritfgen in studies to evaluate the imxnunogenicity of selected attenuated Listeria strains. 
The tumor antigen expression cassette was incorporated site-specifically- into an innocuous 
site on the chromosome of a panel of attenuated Listeria strains with the proprietary pPL2 
integration vector. The recombinant Listeria strains expressed and secreted the predicted 
modified LLO-OVA fusion protein as determined by Western blot analysis (data not 
shown). The growth of each of these recombinants in liquid broth cultuxre as well as the 
intracellular growth kinetics was also indistinguishable from its parent, furthermore, the 
recombinant OVA-expressing strains were shown to have an IV LD 50 that was within a 
factor of two of the unmodified parental strains (Table 24). 



Table 24. Selected strains of listeria monocytogenes 



Strain 


Genotype 


Phenotype 


LDsoof 
parental 
strain 


LD 50 of OVA- 
«xpressing 
strain 


Fold 
attenuation / 
Parent strain 


DP-L4056 


1 0403 S phage 
cured 


Wild-type 


5xl0 4 


IxlO 5 


2 


DP-L4029 


AactA 


In-frame deletion of actA (actA) 
gene; strain grows intracellularly, 
but does not spread from cell-to- 
cell 


1x10 s 


lxlO 8 


1 


L4 029 -uvrAB 


AactA; AuvrAB 


In-frame deletion of actA (actA) 
gene and uvrAB (uvrAB) genes; 
strain grows intracellularly, but 
does not spread from cell-to -cell; 
• enhanced susceptibility to DNA 
damage such as psoral en-induced 
DNA cross linking ! 


lxlO 8 


1x10 s 


I 



[0254] The integration vectors facilitate rapid derivation of multiple recombinant 

Listeria vaccine candidates. A single construct can be mated in parallel into any number of 
unique genetic backgrounds to rapidly create isogenic strains. 
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EXAMPLE 24 

Psoralen-induced DNA crosslinking to produce non-viable but metabolically active 

Listeria. 



[0255] To ensure safety for a Listeria-based ex vivo antigen delivery platform, in 

addition to using genetically attenuated Listeria, the inventors have engineered a Listeria 
strain that can be fully inactivated through treatment with psoralen, yet is metabolically 
active and thus retains its ability to infect cells, escape from the phagolysosome and 
promote the presentation of encoded antigens via the class I pathway. The engineered 
Listeria strain is exquisitely sensitive to inactivation with psoraleixs, a group of compounds 
that form irreversible crosslinks in the genomes of bacteria after illumination with UVA 
light, so thatrthey 'are incapable of multiplying. Mutant strains-of listeria unable to repair 
psoralen-mediated DNA damage were created by deleting the ultraviolet light resistance 
(uvr) AB gene (uvrAB), which is required for nucleotide-excision repair in Listeria and 
other bacteria (Sancar et al., Ann. Rev. Biochem. y 57:29-67 (1988)). The psoralen S-59 is 
one of a number of Ceras compounds used in the DNA crosslinking technology known as 
Helinx (Lin, L., Psoralen photochemical treatment of platelets, Science and Medicine, 
1998; Hei, et ai, Transjusion, 39:239-48 (1999)). At a psoralen concentration that 
inactivates the Listeria uvrAB deletion mutants to the limit of detection, the parental, non- 
mutant strain having intact DNA repair mechanisms is more than four logs less sensitive to 
UVA light inactivation (Figure 25B). S-59/UVA inactivated Listeria uvrAB maintained 
their mitochondrial activity as determined in a MTT assay and retained their capacity to 
express their genomic repertoire, as determined by 35 S-methionine-labeled pulse-chase 
experiments (Figure 26 and Figure 10). S-59/UVA inactivated Listeria uvrAB but not the 
inactivated parental strain demonstrated continued expression of their genetic repertoire. 
The expression level of the inactivated parental strain was significantly diminished, 
indicating that S-59/UVA treatment at the S-59 concentrations reqoiired for foil inactivation 
significantly decreases expression of Listeria gene products, including likely the expression 
of an encoded tumor antigen. 

EXAMPLE 25 

Non-viable Listeria uvrAB retain the ability to infect DC and escape from the 

phagolysosome. 
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[0256] In addition to preserving metabolic activity, it is important to demonstrate 

efficient antigen loading into the MHC class I pathway by S-59/UVA inactivated Listeria 
uvrAB strains upon infection of dendritic cells (DC). The inventors have now demonstrated 
that infection of DC with a Listeria mutant (DP-L4027) that is unable to escape from the 
phagolysosome by virtue of deletion of the hly gene that encodes LLO eliminates 
presentation of antigens in context of MHC class L 

[0257] To demonstrate escape from the phagolysosome of Listeria uvrAB infected 

DC, the inventors took advantage of the fact the cytoplasmic Listeria are suirounded by 
host-cell actin filaments, so-called "actin clouds", that can be visualized by fluorescence 
microscopy. Actin polymerization on the Listeria surface is mediated by the bacterial 
ActA protein and other host cell factors. A murine E>C cell line, DC2.4, was infected at 
multiplicity of infection XMOI) of 1 with Listeria wt, S-59/UVA inactivated Listeria uvrAB 
and Listeria ALLO (DP-L4027) for 30 minutes at 37*0. Extracellular bacteria were 
removed carefully by several washes and DC were intubated for an additional 5 hours at 
37°C in the presence of gentamicin to prevent the growth of extracellular bacteria. DCZ.4 
infected with wild-type Listeria or fully inactivated Listeria uvrAB demonstrated typical 
actin clouds or actin comet tails, typical for cytoplasmic localization of Listeria (Figure 
27). However, in DC2.4 cells infected with the Listeria LLO null mutant no co- 
localization of actin and Listeria could be observed, indicating that the bacteria were unable 
to escape from the phagolysosome. This result demonstrated that these DNA repair 
mutants retain the ability to escape from the phagolysosome and enter the cytosol of the 
infected cell, where antigen can be secreted, a requisite step for direct presentation via ttie 
MHC class I pathway. See also Example 17, above, and Figure 21. 

EXAMPLE 2S 

Non-viable Listeria uvrAB efficiently load antig&n into the MHC class I pathway or 

infected dendritic cells (DC). 

[0258] Due to the unique ability of S-59 psoralen inactivated Listeria uvrAB to 

escape the phagolysosome within the infected cell, gene products secreted by cytosolic 
Listeria are processed and presented via the MHC class I pathway. To test the ability of S- 
59/UVA inactivated Listeria uvrAB to load antigen into the MHC class I pathway of DC, 
DC2.4 cells were infected at a multiplicity of infection (MOI) of 1 with the OVA- 
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expressing Listeria strain, L4029 uvrAB OVA, inactivated with different concentrations of 
S-59. The parental Listeria OVA and heat-killed Listeria uvrAB OVA served as controls. 
Presentation of OVA peptide by DC2.4 on class I molecules following phagocytosis of 
Listeria was measured after incubation with B3Z cells. B3Z is a LacZ-inducible CD8 + T- 
cell hybridoma specific for the OVA257-26* (SL8) epitope presented on the murine K b class I 
molecule (Sanderson, Int. Immunol, 6:369-76 (1994)). Class I-restricted presentation of 
SL8 to B3Z cells results in the induction of p-gal synthesis by B3Z. The amount of |3-gal 
produced can be measured by the hydrolysis of the chromogenic substrate CPRG and is an 
indication, of the amount of SL8/ K b complexes presented on the surface of APCs. As 
shown in Figure 9A and 9B, S-59/UVA inactivated Listeria uvrAB OVA strain, but not the 
cognate parental strain, maintained its capacity to load antigen into the MHC class I 
pathway independent of its ability to multiply. (This is the same data as described in 
Example 11.) Even at full inactivation using' S-59 concentrations of 70 to 100 nM, more 
than 90% of B3Z activation was maintained. In contrast, the parental Listeria OVA strain 
with intact DNA repair lost its ability to activate the B3Z T-cell hybridoma when higher 
concentrations of S-59 were used for inactivation. In contrast to the Listeria uvrAB OVA 
strain, B3Z activation and the ability of th.e parental Listeria OVA strain to form colonies 
on BHI agar plates was closely correlated, suggesting that only viable Listeria OVA are 
capable of* infecting DC2.4 cells and loading antigen into the MHC class I pathway. 
Moreover, heat-killed Listeria uvrAB OVA did not result in B3Z activation. This result 
demonstrates the capacity of Listeria to load antigen into the MHC class I pathway can be 
unlinked from the requirement for multiplication using S-59/UVA inactivated Listeria, 
modified to prevent their capacity to repair psoralen-mediated DNA damage. 
[0259] To test the ability of Listeria uvrAB OVA to load antigen into the MHC 

class I pathway of primary DC, immature murine BM-DC were infected with fully 
inactivated S-59/UVA treated Listeria uvkAB OVA. Visible Listeria uvrAB OVA, the 
parental strain and L4027 served as controls. As shown in Figure 28, BM-DC infected 
with the OVA-expressing but not the parent strains stimulated the B3Z cells in vitro. No 
significant difference between the live and. non-viable S-59/UVA treated Listeria uvrAB 
mutant strain (L4029 uvrAB OVA) was observed, suggesting that MHC class I molecules 
of primary DC are efficiently loaded with Zisteria-deiived peptides following the escape of 
the bacteria from the phagolysosome into the cytosol in spite of the inability of Listeria 
uvrAB to multiply. Importantly, Listeria czctA OVA inactivated by heat-killing did not 
result in any significant presentation of OVA peptides in the MHC class I pathway 
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suggesting that incubation of DC with heat-killed bacteria does not result in any significant 
antigen loading of MHC class I molecules. 

EXAMPLE 27 
Listeria directly infect and activate human DC. 

(02601 For *be development of a potent antigen delivery platform it is widely 

thought that activation/maturation of DC is required in addition to efficiently delivering 
antigen into the MHC class I pathway. In situ, immature DC reside in peripheral tissues 
where they continuously take up and process antigen, but it is the encounter of an activation 
stimulus, such as that which bacteria provide, that initiates the activation/maturation 
process, leading to modulation of chemokine receptors and migration of DC to the T cell 
area of the draining lymph node. We assessed the potency of wild-type Listeria (b4056) to 
induce phenotypic maturation and cytokine production of human monocyte-derived DC. 
As shown in Figure 29, encounter of human immature DC with Listeria led to up- 
regulation of the activation maxkers, CD86 and HLA-DR (Fig. 29A), as well as the 
maturation marker, CD83 (Fig. 29B). Furthermore, the exposure of human immature DC 
to Listeria increased their imrmme-stimulatory capacity as shown by their ability to secrete 
high levels of pro-inflammatory cytokines, such as IL-12p70 andTNF-oc (Fig. 29C). 

EXAMPLE 28 

S-59/UVA inactivated Listeria uvrAB OVA induce OVA-specific immunity in vitro: 

[0261] We assessed the potency of the S-59/UVA inactivated Listeria uvrAB OVA 

vaccine to induce OVA-specific immunity in vivo. Female C57BL/6 mice were vaccinated 
intravenously with 1 x 10 8 particles of S-59/UVA inactivated Listeria -uvrAB OVA. The 
induction of OVA-specific immunity was assessed 7 days post vaccination. Strikingly, 
mice that received S-59/UVA inactivated Listeria uvrAB OVA but not the parent Listeria 
OVA strain mounted a significant OVA-specific CD8 + T cell response, as shown in Figure 
30. Furthermore, vaccination of mice with heat-killed I/^ma uvrAB OVA did not result 
in the induction of OVA-specific immunity. 
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EXAMPLE 29 

Construction of two recombinant attenuated Listeria aotA/uvrAB strains expressing full- 
length CEA containing either the native (CAP1) or tfcie enhanced agonist cytotoxic T 

lymphocyte epitope (CAPL -6D). 

[0262] CEA is a 1 80 kDa large protein found in adenocarcinomas of endodeimally 

derived digestive system epithelium and fetal colon. CE-A is attached to the membrane of 
cells by a GPI-anchor. The protein contains 7 immunogl obulin-like domains and the C- 
terminus demonstrates homology with the Non-specific Cross-reacting protein, NCA, a 
member of the carcinoernbryonic antigen gene family. We propose to construct the full- 
length CEA containing either the HLA*A0201 -restricted CEA native T cell epitope CAP 1 
(YLSGANLNL) (SEQ ID NO:51)or the enhancer agonist cytotoxic T lymphocyte peptide 
CAP1-6D (YLSGADL3STL) (SEQ ID NO: 52) (Zaremba-et air, Cancer Res., 57:4570-7 
(1997)) that has been demonstrated to be more potent at inducing CEA-specific immunity 
in cancer patients (Table 25) (Fong et al, Proc. Natl Acad. Set U.S.A., 98:8809-14 
(2001)). 

Table 25. 

Plasmid Antigen. T cell epitope 

1 pPL2CEAwt Full-length CEA CAP1 

2 pPL2 CEA-610D Full-length CEA CAP1-6D 

[0263] The CEA tumor antigen expression plasmids are constructed on the pPL2 

backbone, a vector that integrates site-specifically into th« Listeria genome (Lauer et al., 
BacterioL, 184:4177-86 (2002)). The two plasmids will toe constructed so that the secretion 
signal and PEST elements derived from Listeria LLO ar& fused genetically with full-length 
CEA cDNA. Starting from the 5' end of the gene construct, the fusion protein will consist 
of the N-tenninal region of LLO to promote bacterial secretion fused to CEA. Precise 
linkage of the domains will be accomplished by overlapping PCR. The fidelity of all 
plasmid constructs will be confirmed by DNA sequencing. 

EXAMPLE 30 

Derivation of two attenuated recombinant Listeria strains containing pPL2 CEAwt and 
pPL2 CEA-610D integrated into Listeria strain L4029 irvrAB (AactA, AuvrAB), and verify 
expression and secretion of CEA^ antigens. 
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[0264] Integration of the pPL2-CEA constructs adjacent to the tRNA^ gene in the 

genome of the Listeria strain L4029 uvrAB are accomplished as described previoxisly by 
Lauer et al., J. Bacteriol, 184:4177-86 (2002). Briefly, plasmids are first intiodu-ced into 
E.coli strain SM10 by transformation, and then introduced into the desired strain of Listeria 
by conjugation. Listeria trans-conjugants are selected by chloramphenicol (pPLZ) and 
streptomycin (Listeria strain) selective media; the efficiency of this process is 
approximately 1 x 1 0" 4 . To ensure purity of trans-conjugants, and to ensure integration of 
the pPL2 backbone into the bacterial chromosome, a limited number of candidate colonies 
are passaged three times by streaking onto fresh, selective media. Precise integration of the 
CEA construct into the Listeria genome are confirmed by colony-PCR. 
[02651 Antigen expression and secretion of the LLO-CEA fiision protein are 

determined by Western blotting of whole cell lysates,' and TCA precipitated bacterial 
culture fluids. An IXO-specific rabbit polyclonal antibody and a CEA-specific monoclonal 
antibody are used to verify expression and secretion of the LLO-CEA fusion protein from 
recombinant Listeria. One can compare the biological properties of the recombinant 
Listeria strains expressing CEA to their respective parent strain. The growth kinetics in 
brain heart infusion (BHI) broth following inoculation by dilution of a stationary phase 
culture 1 : 100 into £resh media are determined. In the past we have expressed proteins of 
similar or larger size in Listeria. However, recombinant protein expression of mammalian 
gene products in bacteria might pose a challenge dependent on each individual protein. If 
CEA expression in Listeria poses a problem, one canl construct Listeria strains that express 
either fragments of CEA or the T cell mini-epitope. The HLA*A0201 -restricted CEA 
native T cell epitope CAP1 (YLSGANLNL) (SEQ ID NO:5 1) or the enhancer agonist 
cytotoxic T lymphocyte peptide CAP1-6D (YLSGADLNL) (SEQ ID NO:52) will be 
embedded in-frame within Ovalbumin (OVA) of our existing expression constructs, 
whereby the secretion signal and PEST elements derived from Listeria LLO are fused 
genetically with OVA. Expression and immunogenicity of T cell mini-epitopes are 
conserved as previously demonstrated with the gp70 T cell mini-epitopes, AH1 and AH1- 
A5 and B16 Trpl, Trp2, and gplOO (data not sliown). 



EXAMPLE 31 
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Establishment of conditions that fully inactivate Listeria actA/uvrAB CEA strains by S- 
59/UVA treatment, yet retain optimal metabolic activity, tumor antigen expression, 
infection of antigen presenting cells and phagolysosomal escape. 

[0266] Metabolic activity as a result of gene expression is best preserved with a 

minimal number of crosslinks. On can readily establish conditions for the minimal amount 
of S-59/UVA. treatment that fully inactivates Listeria actA/uvrAB CEA vaccines, leaving 
antigen expression levels intact An example of inactivation conditions is the addition of S- 
59 psoralen to 200 nM in a log-phase culture of OD 6 co = 0.5, followed by inactivation with 
6 J/m 2 of UVA light when the culture reaches an optical density of one. Inactivation 
conditionsare optimized by varying concentrations of S-59, UVA dose, the time of S-59 
exposure prior to UVA treatment as well as varying the time of treatment during bacterial 
growth of the Listeria actA/uvrAB CEA strain. The parental Listeria strain is used as 
control. Inactivation of Listeria (log-kill) is determined by the inability of the bacteria to 
form colonies on BHI (Brain heart infusion) agar plates. In addition, one can confirm the 
expression of CEA and virulence factors, such as LLO and p60, of S-59/UVA. inactivated 
Listeria using 35 S -pulse-chase experiments to determine the synthesis and se&xetion of 
newly expressed proteins post S-59 / UVA iixactivation. Expression of LLO amd p60 using 
35 S-metabolic labeling can be routinely determined. S-59/UVA inactivated Listeria 
actA/uvrAB CEA will be incubated for 1 hour in the presence of 3 ?S-Methionine. Antigen 
expression and secretion of the LLO-CEA fusion protein, endogenous LLO, and p60 will 
be determined of both whole cell lysates, and TCA precipitation of bacterial culture fluids. 
LLO-, p60- and CEA-specific monoclonal antibodies will be used for imimmo- 
precipitation to verify the continued expression and secretion from recombinant Listeria 
post inactivation. The expression level of S-S9/UVA inactivated Listeria acb4/uvrAB CEA 
will be compared to our current Listeria-OVA vaccine strain that results in the induction of 
potent antigen-specific T cell responses. One can select S-59/UVA conditions that lead to 
reproducible full inactivation with limited affect on expression levels of the assessed gene 
products. 

EXAMPLE 32 

Establishment of a protocol and vaccine strain for infection of human immature dendritic 
cells (DC) with inactivated (S-59/UVA) Listeria actA/uvrAB CEA vaccines, -that results in 
efficient presentation of CEA in context of MHC Class I. 
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[0267] Optimal conditions for ex vivo infection of DC are determined based on the 

results of three independent assays: (1) change in phenotype and cytokine profile of human 
immature DC upon infection, (2) the potency of Zwtera-infected DC to induce an 
allogeneic T lymphocyte response, and (3) the potency of Listeria actAJivrrAB CEA 
infected DC to stimulate a CEA-specific HLA*A0201 -restricted T cell lino in vitro. 

[0268] /. Determination and comparison of the phenotype and cytokine secretion 

profile of human immature DC infected with live and fully inactivated Listeria-CEA strains. 
Comparison of the activation ofListeria-infected human DC with common, ly used 
activation signals such as LPS, INF-a, andw-CD40. 

[0269] One can characterize and optimize the efficiency of S-59/ITVA inactivated 

Listeria dctA/uvrAB ' CEA strains to infecfand activate primary human DC , Human DC are 
enriched from ujamobilized peripheral blood as previously described (Fong et al., /. Virol, 
76: 1 1033-41 (2O02). Briefly, PBMC are obtained by centrifugation over Ficoll-Hypaque 
(Pharmacia, Uppsala, Sweden), and then monocytes are depleted by density centrifugation 
through Percoll (Pharmacia) as previously described Mayordomo et al, Nazt. Med., 1 : 1297- 
302 (1995). Monocyte-depleted PBMC are incubated in RPMI 1640 (BioWhittaker, 
Walkers ville, MD) supplemented with 10% pooled human AB serum without the addition 
of exogenous cytokines. After a 24-h culture in a humidified incubator at 37°C with 10% 
C0 2 , DC are further enriched from lymphocytes by centrifugation through a 15% (w/v) 
metrizamide gradient (Sigma, St. Louis, MO). The phenotype of the enriched DC 
population is verified by flow cytometry (HLA-DR expression and lack of CD3, CD14, 
CD19, and CD56 expression) and dextran uptalce. To assess the infectivity of DC with 
Listeria, DC is incubated at different MOI with S-59/UVA inactivated Listeria actA/uvrAB 
CEA strains for one hour. Live Listeria will be used as comparison. After extensive 
washes to remove any extracellular Listeria, infected DC is further incubated in the 
presence of 50 n.g/mL gentamicin to kill extracellular bacteria. Phenotypic^ changes upon 
infection of DC with Listeria AactAAuvrAB CEA strains are assessed by determining cell 
surface expression of CD80, CD83, CD86, and MHC class II using flow cytometry at 
different time points post infection. Expression of T helper-1 and T helper-2 type 
cytokines is measured from the supernatant of infected DC cultures using the Cytometric 
Bead Array Kit CPharmingen). Infection and activation conditions are compared to 
commonly used stimuli such as LPS, TNF-a, and a-CD40. Infection conditions are 
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selected that result in potent and consistent stimulation and activation of human DC in vitro 
as well as secretion of cytokines that are most similar to the parental live Listeria strain. If 
the overall infectivity of DC isolated from peripheral blood without the use of cytokines is 
low, infection of DC prior to the density gradient centrifugation will be assessed. 
Moreover, additional sources of DC such as monocyte-derived DC will be assessed for 
their infectivity for non-viable and live Listeria. Briefly, human monocytes are enriched 
using negative selection and suspended in medium (RPMI- 1640+10% FCS) at 1 x 10 6 
cells/mL, supplemented with 1000 U/mL CxM-CSF and 1000 U/mL IL-4. After 6-7 days of 
culture, the phenotype of the in vitro cultured DC population is verified by flow cytometry 
and dextran uptake. The phenotypic change as well as the cytokine secretion pattern of 
monocyte-derived DC upon Listeria infection is assessed as described previously. 

^[0270] ' 2. Determination and comparison of the stimulatory potency of human 
immature DC infected with live or fully inactivated Listeria-CEA strains to activate 
allogeneic T cells in vitro. 

[0271] To address the stimulatory capacity of the Listeria-wfected DC population, 

one can detennine their ability to stimulate primary allo-reactive T cells in mixed leukocyte 
reactions (MLR) * It is widely believed that the relative potency of an ADPC to elicit immune 
responses in vivo, which depends on their activation/maturation state, is reflected by their 
capacity to stimulate an allogeneic T cell response in vitro (Jung et al., Immunity, 17:21 1 
(2002)). Briefly, DC are isolated and infected with fully inactivated Listeria actAluvrAB 
CEA. The phenotype of the infected cell population will be verified by How cytometry. 
Various numbers of irradiated (3000 rad) DC are co-cultured with 5 x lO 4 allogeneic 
responders in 96-well U-bottom plates (Costar, Cambridge, MA). PBMC from random 
donors are used as responders. After 6 days, the cultures are pulsed witih 1 \lC\ of [ 3 H] 
thymidine for 18 hours. Cells are harvested onto glass fiber sheets and the incorporation of 
[ 3 H] thymidine will be determined by measuring the radioactivity on the* scintillation 
counter. The stimulatory capacity of DC infected with non-viable Listeria is compared to 
DC infected with live Listeria as well as DC activated using stimuli such as LPS, TNF-a, 
and a-CD40. 

[0272] 3. Assessment of the potency of Listeria-mfected human. DC to activate a 

CEA-specific HLA*A0201 -restricted T cell line in vitro. Comparison of immature human 
DC infected with either live or fully inactivated Listeria to peptide-pulsed DC. 
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[0273] Phenotypic changes, cytokine secretions profile as well as the allo- 

stimulatory capacity of DC represent an indirect measure for the potency of DC to 
stimulate an antigen-specific T cell response in vivo. The potency of DC to present the 
recombinant tumor antigen expressed by the fully inactivated Listeria actA/uvrAB CEA 
strain is assessed on the basis of activation of a CEA-specific HLA*A0201 -restricted T cell 
line generated by L. Fong (unpublished data). Briefly, DC is isolated fom peripheral 
blood of HLA*A0201 positive donors as described in Milestone 3-1. Various numb ors of 
irradiated (3000 rad) DC, infected under optimal conditions, are co-cultured with 5 x: 10 4 
CEA-specific HLA.*A0201 -restricted T cells in 96-well U-bottom plates (Costar, 
Cambridge, MA). After 24 hours, cell supematants are collected. T cell activation is 
measured on the basis of IFN-y, GM-CSF, or IL-2 secretion. Secreted cytokines are 
determined using commercially available Cytometric Bead Array kits (Phanningen). The 
stimulatory Capacity of DC infected with non-viable Listeria^ compared to DC infected 
with live Listeria as well as DC activated using stimuli such as LPS, TNF-a, and a-CD40. 

EXAMPLE 33 

Confirmation of potency of Listeria-loaded primary human DC to prime CEA-specific 
immunity in vitro and select the lead Listeria strain for further development. 

[0274] To confirm that S-59/UVA inactivated Zwterto-infected DC are capable of 

priming naive CEA-specific CD8 + T cell response in vitro, human immature DC, infected 
under the established optimal conditions with Listeria actA/uvrAB CEA, are used to 
stimulate naive T cells in vitro. The lead Listeria actA/uvrAB CEA strain containing either 
the native or altered T cell epitope is selected based on its potency to induce naive CEA- 
specific T cell responses as determined by three independent assays: (1) [ 3 H] thymidine 
incorporation of the DC-primed T cell cultures; <2) the cytotoxic activity of primed CEA- 
specific T cell cultures, measured in a 5l Cr release assay; and (3) the frequency of CE-A- 
specific T cells determined by peptiderMHC tetramer staining. Optimal infection is 
confirmed by phenotypic changes of DC, assessed by determining cell surface expression 
of CD80, CD83, CE>86, and MHC class II using flow cytometry, as well as the cytokine 
profile secreted by the infected DC. For the induction of primary T cell responses, a 
constant number of CD45RA + T lymphocytes (2 x 10 5 /well) is co-incubated with varying 
numbers of irradiated (3,000 R) Lwteraz-loaded DC for 7 days in 96-well, round-bottom 
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microtiter plates. After 6 days, the cultures are pulsed with 1 ^Ci of [ 3 H] thymidine for 18 
houis. Cells are harvested onto glass fiber sheets and the incorporation of [ 3 H] thymidine 
will be determined by measuring the radioactivity on the scintillation counter 
(WallacTurku^ inland). Furthermore, induction of CEA-specific T cells is assessed in a 
cytotoxic T cell assay. Briefly, 5 x 10 6 CD45RA + T lymphocytes are cultured in parallel 
with irradiated (3,000 R) Listeria-loade<l DC at a 10: 1 ratio in 24-weIl plates (Costar) at 5 x 
10 6 cells/1.5 ml of media. The cytotoxic activity of the T cells is assessed in a standard 4- 
hour 51 Cr-release assay after 7 days. Briefly, the target cell lines SW403, SW1417, A375, 
and T2 are incubated in 250 ^iCi of [ 51 Cr] for 2 hours. During this labeling step, T2 cells 
are also incubated without or with the HLA*0201 -restricted target peptides CAP1 and 
CAP1-6D. The target cell lines are washed three times with RPMI and plated in triplicate 
with at least 5,000 targets/well in 96-well U-bottom plates (Costar). Effector cells will be 
co-incubated with Hie M Cr-labeled target cells at the described effector/target ratios. After 
a 4-h ciolture, supernatants are harvested and counted in a Microbeta counter (Wallac, 
Turku, Finland). Percent specific lysis will be calculated by die formula: 
100% x (experimental release - spontaneous release) / (maximum release — spontaneous 
release). Maximum release is determined by lysis of target cells in PBS containing 0.5% 
Triton X-100 (Sigma). Lastly, one can determine the frequency of CEA-specific T cells 
post in vitro priming using MHC/tetranxers presenting CAP1 or CAP1-6D, as described 
previously (Fong et al., Proc. NatL Acad. Sci. U.S.A., 98:8809-14 (2001)). Cryopreserved 
CD45RA + T cells obtained before in vitro priming is analyzed in parallel with the in vitro 
primed T cell cultures. A total of 1 x lO 6 cells will be stained with the corresponding 
HLA* AD20 1 phycoerythrin-labeled MHC/tetramer for 30 min at room temp erature. 
Antibodies to CD8 (used for positive gate) and to CD4, CD14, CD19, and CD56 (negative 
"dump'* gate) are added at the recommended concentrations and incubated for 30 min at 
4°C. Following the staining, samples are washed twice and analyzed with four-color flow 
cytometry. We have established the background for tetramer staining previously. 
20 volunteer blood donors were assessed with the same methodology and had 
0.30% ± 0. 1 8% and 0.27% ± 0. 14% to CEAeos-tn and 6 10D tetramers, respectively (Fong 
et al., Proc. Natl. Acad. Sci. U.SA., 98:8809-14 (2001)). 

EXAMPLE 34 
Use of proteinase 3 or PR1 as a heterologous antigen. 
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[0275] Although some of the procedures outlined in the specific examples above 

describe the use of CEA antigens as the antigen expressed by the modified Listeria, one of 
ordinary skill in the art will readily recognize that similar procedures may be used to 
prepare a modified Listeria that expresses a different antigen, such as a proteinase-3 or a 
proteinase-3 derived antigen, to infect dendritic cells in vitro or ex vivo in order to effect 
loading and activation/maturation. One of ordinary skill in the art will also recognize that 
the resulting DC vaccines may then be administered to an animal or patient to induce an 
immune response to proteinase-3 and/or PR1. 

[0276] For instance, the lAQ29-uvrAB Listeria strain described in the Examples 

above may be modified with a ^vector comprising a pPL2 vector backbone or the like 
encoding the proteinase-3 gene and/or the PR1 epitope to integrate the antigen-expressing 
sequence into the genome of the Listeria. In one example, the PR1 antigen could be 
expressed as T pafH)f a fusion protein such as an LLO-0VA/PR1 fusion protein comprising a 
truncated LLO sequence fused to OVA in which the PR1 epitope has "been embedded. The 
sequence of such an antigenic protein (LLO-OVA/PR3) that could be expressed by the 
modified Listeria is shown in Figure 3 1 . 



EXAMPLE 35 

Measuring the ability of mutant Listeria to escape the phagolysosome and promote Class I 

antigen presentation 

[0277] An exemplaiy protocol for assessing the ability of a particular candidate 

mutant Listeria to escape the phagolysosome of an antigen-presenting cell and promote 
Class I antigen presentation by the cell is as follows: First, DC2.4 cells are grown on 
coverslips. The cells are then infected with the desired Listeria strain (MOI=100). At 0.5 
hpi, the cells rinsed to wash away free Listeria. At 1 hpi, gentamicin is added at 50 jig/mL. 
At 5 hpi, coverslips are washed and fixed for in 3.5% formaldehyde. The coverslips are 
blocked, stained with rabbit w£i-Listeria antibody (Difco), and detected with a goat-anti- 
rabbit FETC secondary (Vector Labs). Actin is detected with PhaUoidin-rhodamine 
(Molecular Probes). The coverslips are mounted with Vectamount-HOAPI (Vector Labs) 
and examined. See also Example 17 and Example 25, above. 
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EXAMPLE 36 

Generation of Human Monocyte-Derived Dendritic Cells and Infection with Listeria 

Vaccines 



[0278] An outline of an exemplary protocol for generation of human monocyte- 

derived dendritic cells and infection with Listeria vaccines is presented below: 
[0279] Materials: Human peripheral blood (buffy coat from blood donor 

preferred); Ficoll-Hypaque (Amersham); dPBS w/o Ca, Mg (MediaTech); RPMI-1640 w/ 
L-Glutamine (MediaTech); Fetal Bovine Serum, Defined, Heat Inactivated (HyClone); 
Human GM-CSF (R&D Systems)-stock solution made at 500U/nXr and stored at -20°; 
Human IL-4 (R&D Systems)-stock solution made at 200U/pL and stored at -20°; Costar 
24-well plates (Fisher). 

[0280] Monocyte Isolation Media (MIM): To make Solution 1 (IsoSmotic Percoll), 

50 mL of NaCl solution (500 mL dH 2 0, 43.84 g NaCl (1.5M))is added to 450 mL Percoll 
and mixed. Solution 2 (PBS/Citrate) is prepared by mixing 1000 xnL dH 2 0, 205.6 mg 
NaH 2 P0 4 *2H 2 0 (1.49mM), 1,30 g Na 2 HP0 4 (9.15 mM)), 8.18 g IMaCl (139.97 mM), and 
3.82gC6H 5 Na30 7 *2H20(13mM) and bringing the pH to 7.2. 250mL of isosmotic percoll 
is then mixed with 250 mL of PBS/citrate. The solution is sterile filtered and stored at 4° 
[0281] Culture media: RPMI-1640 w. GlutaMax (Gibco) + 10% Fetal Calf Serum 

(Defined, heat inactivated FCS from HyClone is used). 

[0282] Methods: Ficoll and MIM are wanned to room temperature. 20mLof 

Ficoll into into each of 2 50 mL conical tubes. Blood is diluted 2 fold with dPBS and 
mixed well. 25 mL of blood is layered on top of Ficoll in each tube. The tubes are 
centrifiiged at 400 xg for 30 minutes at 18-20°. 

[0283] The monuclear interface is carefully harvested from the gradient, and placed 

into a clean 50 mL tube. The remainder of the tube is filled with dPBS. The tube is 
centrifiiged at 100 xg for 15 minutes. This pellets the lymphocytes and monocytes, but 
leave the platelets suspended. The supernatant is aspirated. The steps of filling the 
remainder of the tube with dPBS, centrifuging, and aspirating are repeated two more times, 
for a total of 3 washes. 

[0284] The pellet is resuspended in 20 mL of dPBS. The suspension is layered onto 

20 mL of MIM. The sample is centrifiiged at 400 xg for 35 minutes at room temperature. 
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The monocytes are harvested from the interface and transferee! into a clean tube containing 
culture media. If culturing DC to use with bacteria-, do not use antibiotics.) 
[0285] \ The sample is centrifuged at 400 xg for 1 0 minutes and the supernatant 
aspirated. The pellet is washed 4x in dPBS. After the final wash, cell pellet is resuspended 
in RPMI-1640 +10% FCS. The sample is then couxited on hemacytometer using Trypan 
Blue or using automated counter. The cell suspension is diluted to 1 x 10 6 cells per mL_ 
For each mL of cell suspension, 500U GM-CSF and 200U IL-4 is added (1 jiL per mL of 
each if stocks were made as described above). 1 mT. per well is plated into Costar 24-well 
plates. The plates are placedat 37°C, 5% C0 2j lOO^o humidity for 48 hours. 
[0286] On second day, feeding media for dendritic cells is made up. This consists 

of 0.5mL culture media (warm to 37° before use) per well cultured, with 500U/mL GM- 
CSF and 200U/mL DL-4. 0.5 mL from the top of each well is aspirated and replaced with 
0.5 mL of fresh feeding media. Platesare placed at 37 tf C, 5% C0 2 , 100% humidity for -48"" 
additional hours. Feeding is repeated on day 4. Oix day 5, cells are ready for use. The cells 
should always be kept in GM-CSF and IL-4 containing media, or they will revert to 
macrophages. The dendritic cells are examined phenotypically on the cytometer looking at 
HLA-DR, CDla, CD83, and CD86. 
[0287] Listeria Infection of Human DC: 

[0288] The day 5 dendritic cells (DC) are pelleted and resuspended in fresh media 

with GM-CSF and IL-4 at 2xl0 6 cells per mL. 500 jiL of suspension is aliquoted to eacli 
well of a 24 well plate. Maturation stimuli or bacteria is added in 500 pL. 1 fig of LPS is 
used for maturation control. (1000U of IFN-y or 1 fag of sCD40L can be added to augment 
this response.) For Listeria infection, between 10-1 OO Listeria per DC is used. Cells are 
infected for 1 hour, then extracellular bacteria is washed away and cells are resuspended in 
media containing 50|ig/mL gentamicin. sCD40L will can be added to enhance DC survival 
and promote greater IL-12p70 release. lOOOU/mL EFN- y .can be added to augment 
maturation and IL-12p70 secretion. The DC are examined phenotypically on the cytometer 
looking at HLA-DR, CDla, CD83, and CD86. 
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EXAMPLE 37 
Asporagenic B. anthracis vaccine strains 

[0289] The spoIIE in-frame deletion. The spoIIE region of A anthracis is 

identified by homology to the same gene in B. subtilis. In order to isolate an in-firame 
deletion of B. anthracis SpoIIE, the spoIIE gene is first amplified by PCR and cloned it into 
pCR-Blunt II-TOPO (Invitrogen). Next, nxost of the spoIIE gene is deleted by using the 
technique of gene splicing by overlap extension (SOE) (Horton et aL, Biotechniques 8:528- 
35 (1990)). This in-frame deleted spoIIE gene is cloned into the shuttle vector pKSV7, 
which carries a chloramphenicol-resistance gene and cannot replicate at 42°C (Smith et aL, 
Biochimie, 74:705-1 1 (1992)); pKSV7 containing the deleted spoIIE gene is then 
electroporated into B. anthracis, and cells are grown at 42°C in the presence of 
chloramphenicol to select for strains in which the plasmid has integrated by homologous 
recombination into the spoIIE gene. Further growth at 30°C without chloramphenicol 
selection allows excision and loss of the plasmid. Chloramphenicol-sensitive strains should 
be found at about 1%, and about half of them should contain the deleted spoIIE allele 
(Camilli et aL, (1993)). The presence of the deletion is confirmed by PCR and Southern 
blot analyses. 

[0290] The spoIIE/uvrAB double deletion strain. Starting with the spoIIE deletion 

strain, an in-frame deletion of the uvrA and uvrB genes is made. Once again, the genes of 
interest are amplified and and cloned into pCR-Blunt II-TOPO. Then we shall delete most 
of the uvrA. and uvrB genes by the SOE technique. This in-frame deleted uvrAB region is 
cloned into pKSV7, and the construct is electroporated into the B. anthracis spoIIE deletion 
strain. Chloramphenicol-resistance is selected at 42°C in order to select for the integration 
of the plasmid into the uvrAB region. Growth at 30°C without drug selection is allowed in 
order to encourage the growth of segregants that have lost the plasmid. Chloramphenicol- 
sensitive colonies are picked and tested by PCR for loss of the uvrAB region, and that loss 
will be confirmed by Southern blot analysis. 

EXAJMDPLE38 
A temperature sensitive recA mutant of B. anthracis 

[0291] To generate a temperature sensitive recA mutant of B. anthracis which 

grows well at 30C and is very sensitive to psoralen at 42C, a mutation is made in. B. 
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anthracis which is analogous to the V246M mutation of the temperature sensitive recA 
mutant of E. coli, recA44 (Kawashirna et al, 193:288-92 (1984)). To make the B. 
anthracis mutant, the sequence 245KWKNK250 (SEQ ID NO:46), which is conserved 
between E. coli and B. anthracis, is mutated. The V246M mutation is introduced into the 
cloned B. anthracis recA gene by mismatched oligonucleotide mutagenesis, using the 
Stratagene Quick Change kit The mutations are confirmed by sequence analysis, and the 
mutated gene is transferred into pKS V7, in order that they can be introduced into the 
chromosome ofB. anthracis spoIIE uvrAB by allelic exchange. Alternatively, the recA 
gene from the B. anthracis strains is deleted and replaced with the re?cA44(ts) allele of E. 
coli. (It is known that B. anthracis recA functions in E. coli (Ko et al., J. Bacteriol 
184:3917-22(2002)).) 

EXAMPLE 39 

Introduction of mutations in the active sites of B. anthracis antigens 

[0292] The lethal factor mutation H686A inactivates its protease activity, and the 

edema factor mutations K346Q and K353Q (together) inactivate its adenyl cyclase activity 
(Brossier etal. Infect. Immun., 68:1781-6 (2000)). These mutations are introduced into B. 
anthracis strains to be used in vaccines, such as the spoIIE uvrAB and spoIIE uvrAB recAts 
strains. The lef (lethal factor) and cya (edema factor, adenyl cyclase) genes are cloned and 
mutagenized with the Quick Change kit (Stratagene) to create the mutant genes. The 
mutant genes are then transfeixed to pKSV7 and finally introduced into the host pXOl 
plasmid by allelic exchange. 

EXAMPLE 40 

The use of SOS regulatory sequences for expressing protective antigen at high levels 

[0293] Cheo et al (Cheo et al., */. Bacteriol, 175:5907-15 (19^3)) have shown that 

the consensus sequence GAACN4GTTC (SEQ ID NO:47) defines the LexA repressor site 
for genes in the SOS response of B. subtilis. A similar consensus sequence upstream of the 
promoters for the B. anthracis recA and uvrAB genes, which are part of the SOS regulon, 
is to be located. To make a B. anthracis strain that expresses protecti ve antigen at high 
levels, the protective antigen gene is put under the control of the SOS regulatory sequence 
and introduced it into B. anthracis spoIIE uvrAB strain, so that treatment with psoralen will 
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cause high levels of protective antigen to be made. In order to insert this artificial gene into 
the B. anthracis chromosome, an integration vector, such as pPL2, is used (Lauer et al, J. 
BacterioL, 184:4177-86 (2002)). Hie gene of interest, in this case the protective antigen 
gene under control of a promoter, is inserted in the multicloning site. The plasmid is mated 
from£ coli into B. anthracis strains. Since it cannot replicate in. gram-positive bacteria, it 
can only be maintained by integration into the chromosome. The current pPL2 vector 
contains a phage integrase and phage attachment site from L. monocytogenes, and 
therefore, must be modified by removing the L. monocytogenes phage integrase gene and 
phage attachment site and replacing thern with similar elements from a phage of B. 
anthracis, such as gamma phage (Brown et al., J. Infect Dis., 96:34-9 (1955)). Also, the 
pPL2 vector typically contains chloramphenicol-resistance genes for selection. Since drag 
resistance genes are undesirable for vaccine work, they are removed. One of the drug 
resistance genes has been'replaced by the gene for D-alanine racemase, which synthesizes 
D-alanine and allows a D-alanine auxotroph to grow on rich medium without the addition 
of D-alanine. The other drug resistance gene is replaced by the g-ene for glutamine 
synthetase, which synthesizes glutamine and allows growth of a glutamine synthetase 
mutant bacterium on rich medium without glutamine. 

EXAMPLE 41 
Exemplary mutant B. anthracis strains 

[0294] A variety of different mutant B. anthracis strains axe prepared using 

combinations of the methods described in the Examples, above. Exemplary mutant B. 
anthracis strains to be used in vaccine compositions are listed in Table 26. 



Table 26. B. anthracis strains and candidate vaccines 



Strain and/or Genotype 


Relevant Characteristics and Pbenotypc 


Use and Vaccine Strain Number 


AmespXOU-/pX02+ 


Fully virulent wild-type B. anthracis 
(Toxigenic and encapsulated) 


Initial host strain for construction of 
al) vaccine candidates 
Production of virulent spores for 
challenge experiments in mice and 
guinea pigs 


Sterne 

pXOWpX02- 


Toxigenic, non-encapsulated 


Production of virulent spores for 
challenge experiments in mice and 
guinea pigs 


5p0//£pXOl+/pXO2+ 


Non-sporogenic 
Toxigenic, encapsulated 


VaccLne strain #1 


SpoIIE/uvrAB 
P XOI+/pX02+ 


Non-sporogenic 

NER- (Increased S-59/UVA sensitivity) 
Toxigenic, encapsulated 


VaccLne strain #2 
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SpoIlEluvrAB/recA ts* 
pX01+/pXO2+ 


Non-sporogenic 

NER- (Increased S-59/UVA sensitivity) 
Toxigenic, encapsulated * 


Vaccine strain #3 


SpoIIE/uvrAB/recA is 
pX0l+/pXO2+ 


Non-sporogenic 
NERVconditionalHR- 4 
(Increased S-59 /UVA sensitivity) 
Toxigenic, encapsulated. 


Vaccine strain #4 


spoIIEfavrAB/ pXOl 
(lefite/qyaM6nS)I pX02+ 


Non-sporogenic 

NER- (Increased S-59/LJVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EF functional domains 
mutated) 


Vaccine strain #5 


spolIEAnsrAB/ recA ts/ 

pXO\(lef&S6/cya346/35y 

pX02+ 


Non-sporogenic 
NER-yconditional HR- 
(Increased S-59/UVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EF functional domains 
mutated) 


Vaccine strain #6 


spollE/uvrAB/ 

pXOl (fe/586/cya346/35)/ 

pX02+/ 


Non-sporogenic 

NER- (Increased S-59/UVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EF functional domains 
mutated) 

S-59 psoralen inducible PA 


Vaccine strain #7 


spoIIE/uvrAB/ recA ts/ 
pXOl (fe/686/cya346/35)/ 
pX02+-/ 


Non-sporogenic 
NER-/conditional HR- 
(Increased S-59/UVA sensitivity) 
Encapsulated 

Non-toxigenic (LF/EF functional domains 
mutated) 

S-59 psoralen inducible PA 


Vaccine strain #8 



'NER, nucleotide excision repair 

3 Conditional recA strains under the control of a lad repressible promoter will also be derived 
4 HR, homologous recombination 



EXAMPLE 42 

Characterization of protein expression levels, including protective antigen and capsixle, in 

psoralen-inactivated B. anthracis strains 

[0295] To show that inactivated B . anthracis strains can still metabolize, the oells 

are incubated in minimal medium with bicarbonate (Thorne et aL, J. Gen. 
MicrobioL,17:505-16 (1957)). After such, incubation the cells are removed by 
centrifugation and save the supernatant The supernatant is subjected to SDS- 
polyacrylamide gel electrophoresis. After staining with Coomassie Blue, protective antigen 
stands out, and its presence is confirmed by Western blot analysis (Brossier et al., Infect. 
Immun. 68:5731-4 (2000)) and by mass spectometry. In addition, mass spectrometry is 
used to identify the other proteins that are excreted under these conditions, using the 
methods described in Lenz et al., Proc. Natl. Acad. Sci. U.S.A., 100: 12432-12437 (2O03). 
In order to assess whether polyglutamate capsule is made under these conditions, pX02, 
which encodes the genes for capsule synthesis, is introduced into the strains by transduction 
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and (Green et al., Infect. Immun, 49:291-7 (1985). Capsule is measured by rocket 
Immunoelectrophoresis (Uchida et aL, Mol. Microbiol, 23:1229-40 (1 997)). 

EXAMPLE 43 

Characterization of the humoral and mucosal responses in Swiss Webster and A/J mice 
immunized with attenuated B. anthracis strains 

[0296] Mouse Immunization. Mice are injected with the S-59/TJVA vaccines by the 

intramuscular (IM) or the subcutaneous (S C) routes to determine whicxh route of 
immunization results in the best bacterial-specific humoral and cellular responses. 
Intranasal (IN) immunization of mice is also tested to assess mucosal responses induced by 
the candidate vaccines. IN immunization with 5 pi of a designated vaccine preparation into 
each hare of lightly anesthetized mice is performed as described previously:(Boyaka; et al,, 
/. Immunol, 170: 5636-43 (2003)) Mice are immunized with 0.1 LD 5 o doses of the 
candidate vaccines. Any of the eight S-59/UVA inactivated vaccine candidates in which a 
median lethality level is not observed is given at an initial dose of 10 8 particles. Mice that 
are immunized by more than one route are not injected with a combined dose that exceeds 
the 0. 1 LD 5 o dose, or is greater than 10 8 paxticles. Mice given multiple immunizations 
receive consistent vaccine doses with all injections. As immunization on three consecutive 
days with S-59/UVA inactivated Listeria uvrAB resulted in increased buimoral and cellular 
imm uni ty as compared to a single immunization, the same strategy is u-sed with the 5. 
anthracis strain vaccines. Mice are also given booster immunizations at 14 days and 28 
days following the primary immunization. 

[0297] Quantification of antibodies' to PA, LF, EF, capsule, and whole bacteria. 

The mucosal and antibody responses in mice immunized with the varicrus vaccine 
candidates are characterized. Sera is taken from the retroorbital plexus prior to 
immunization as well as 1 week after each immunization (We have IACUUC approval for 
a maximum of five retroorbital plexus procedures per mouse with blood sampling not to 
exceed one per week, and to be taken from alternating eyes). Saliva and nasal washes for 
measurement of IgA levels are performed at the time of sacrifice one week after the final 
immunization. The durability of the humoral and mucosal immunity inxiuced by the 
candidate vaccines at 45 days after the final immuniz ation is also characterized . Humoral 
and mucosal responses against PA, capsule, and vegetative bacteria (Sterne strain) are 
determined by enzyme-linked immunosorbent assays (ELISAs), as published previously 
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(Ballaid et al., Proc. Natl Acad, Sci. U.S.A, 93:1253 1-4 (1996); Rhie et al., Proc. Natl. 
Acad. Sci. U.S.A., 100:10925-30 (2003)). Briefly, Immulon 96-well Maxisorp plates 
(Nalge Nunc) are first coated by 5^ig purified PA, LF, EF, B SA conjugated with poly-y-D- 
glutamic acid (PGA) capsule prepared as described previously.(Rhie et al., Proc. Natl 
Acad. Sci U.S. A, 100:10925-30 (2003)), or with S-59 psoralen/UVA inactivated bacteria 
ground under liquid nitrogen using a mortar and pestle in 50xnM carbonate buffer (pH9.6) 
at 4°C for 16 h, and blocked with TSTA buffer (SOmMTris [pH 7.6], 142 mM NaCl, 0.05% 
sodium azide, 0.05% Tween 20, 2% bovine serum albumin). Serial two-fold dilutions of 
mouse plasma or mucosal secretions are added to the 96-well plates coated with PA, PGA- 
BSA, or Sterne respectively. Binding of Abs to the immobilized antigens is detennined by 
incubation with isotype-specific peroxidase goat anti-mouse m y, or a H chain-specific 
antibodies from Southern Biotechnology Associates (Birmingham, AL). Biotinylated rat 
anti-mouse y 1 (clone Gl-7.3), y 2a (clone Rl 9-15), y 2b (clone R12-3), or y 3 (clone R40- 
82) H chain-specific mAbs (BD PharMingen, San Diego, CA) and streptavidin-conjugated 
peroxidase are used for IgG Ab subclass analysis (Cole, J. B&cteriol, 107:846-52 (1971); 
Cole et al., Basic Life Set, 58:487-95 (1975)). The colorinxetric reaction is developed by 
addition of ABTS substrate (Sigma-Aldrich, St. Louis, MO). End-point titers are expressed- 
as the reciprocal log 2 dilution giving OD415 > two standard deviations above those 
obtained with control, non-immunized mice. 

[0298] Enzyme-linked immunospot (ELISPOT) assay for the detection oflg- 

secreting cells. The frequency of PA-specific Ig-secreting lymphocytes is determined by 
ELISPOT analysis (Boyaka et al., J. Immunol, 170:5636-43 (2003)). Briefly, spleens or 
cervical lymph nodes of vaccinated and control mice are rapidly dissected out and placed in. 
ice-cooled RPMI 1640 medium and single cell suspensions axe prepared 96-well PVDF- 
based plates (BD Biosciences, San Jose) are coated overnight with 2.5 fig/ml purified PA 
(List Biological Laboratories, Campbell, CA). The plates are washed, blocked for 2 hrs at 
37°C with 200 \d complete RPMI, and serial dilutions of cell suspensions are added to 96- 
well plates. Cells are incubated on the plates for 6 hours at 37°C in 5% CO2. Antigen- 
specific Antibody Forming Cells (AFC) are detected with isotype-specific biotin-labeled 
anti-mouse ji, y, or a H chain-specific antibodies (Southern Biotechnology Associates). 
After incubation at RT for 2 h, the plates are washed, and goat anti-biotin: Inm Gold 
conjugate (GAB1; Ted Pella) is added for 1 hour at RT. After extensive washing, 30 \d of 
the silver substrate (Silver Enhancing Kit; Ted Pella) is adde<i into each well and the spot 
development is monitored. Spots in each well are counted using an automated ELISPOT 
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plate reader (CTL, Cleveland). The humoral response is expressed as the number of 
antibody forming cells per 106 spleen or lymph node cells. 

[0299] Toxin Neutralization Assays. Neutralizing antibodies induced in mice 

immunized with the vaccine candidates are evaluated for the ability to protect the J774 
macrophage cell line from lethal toxin (PA+LF) (Mock et al, Annu. Rev. Microbiol., 
55:647-71 (2001); Boyaka etal. (2003); Rhie etal.(2003)) Briefly, J774 cells <ATCC, 
Manassus, VA) are added to 96-well flat-bottom plates (Nunc) at 5 X10 4 cells/xvell and 
incubated for 12 hours at 37° C in 5% C02. Test serum or mucosal secretions are serially 
diluted two-fold in TSTA buffer. PAandLF (400 ng/ml P A and 40 ng/ml LF) are added to 
the antiserum dilutions. After incubation for 1 hour the antiserum/lethal toxin complex 
mixture is added to the cell suspension and incubated for an additional 5 hours. Cell 
viability is monitored by the MTT assay (absorbance measured at 540nm). Assays are 
- performed in triplicate with a negative control (normal serum) and a positive control 
(MAbs, 14B7 and 1G3) (Mikesell et al., Inject Immun., 39:371-6 (1983); Starabach et al., 
Nature, 9, (2003)) included in each plate. The mean and standard deviation of each 
triplicate sample dilution is calculated. The endpoint is expressed as the highest serum 
dilution exhibiting 50% neutralization of the anthrax toxin as compared to normal control 
serum. 

EXAMPLE 44 

Characterization of the PA-, LF-, and EF-specific CD4+ T cell-mediated responses in A/J 
mice vaccinated witlx modified B. anthracis 

[0300] T cell Proliferation. CD4+ T cell proliferation are determined &om PBMC, 

spleen and lymph node cells of vaccinated and naive A/J mice. Spleen and cervical lymph 
nodes are dispersed to obtain single cell suspensions as previously described (Boyaka et al., 
/. Immunol, 162: 122-8 (1999); Lillardet al.,7. Immunol, 166:162-169 (2000; Little et 
al., Infect Immun., 65:5171-5 (1997)). CD4-+- T cells are isolated by negative selection 
using the Mouse CD4+ T cell isolation kit from Miltenyi Biotec (Auburn, CA) . Purified 
CD4+ T cells from individual mouse spleens, from pooled lymph nodes or PBlMCs are 
cultured at 4 x 106 cells/ml and stimulated with varying concentrations of PA, LF or EF in 
the presence of T-cell-depleted, non-dividing syngeneic naive spleen feeder cells (8 X 10 6 , 
cells/ml) in complete RPMI (RPMI supplemented with 10% FBS, lOmM Hepes, 2 mM L- 
glutamine, ImM Sodium Pyruvate, non-essential amino acids, 23.8 mM Sodium 
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Bicarbonate, 5 X 10~ 5 M ^-Mercapthoethanol, 100 U/ml penicillin, and 100 Ug/ml 
streptomycin). The replication of splenic feeder cells is arrested by brief photochemical 
treatment with S-59 psoralen. Cultures are incubated for 4 days at 37°C and 5% C0 2 prior 
to addition of 0.5 jiCi of tritiated thymidine ([3H]TdR) for the final 1 8 to 20 hours. The 
cells are harvested onto glass fiber sheets and the amount of incorporated thymidine is 
determined by measuring the radioactivity on the scintillation counter (Wallac, Turku, 
Finland). 

[0301] Analysis of PA- t EF- or LF-induced cytokine responses. CD4+ T cells are 

isolated by negative selection using the Mouse CD4+ T cell isolation kit from Miltenyi 
Biotec (Auburn, CA). Purified CE>4+ T cells from spleens or lymph node of individual 
mice are cultured in round-bottom 96-well plates at 1 X 10 5 cells/well and stimulated with 
varying concentrations of PA, LF or EF in the presence of T cell-depleted, non-dividing 
syngeneic naive spleen feeder cells (1 X 10 5 cells/well) in complete RPMI. The T cell- 
depleted spleen feeder cells are arrested by a brief photochemical treatment with S-59. T 
cell cultures are incubated for 2 days at 37°C and 5% C02. Expression of T helper- 1 andT 
h.elper-2 cytokines is determined from supernatants of antigen-stimixlated CD4+ T cells 
using the Thl/Th2 Cytometric Bead Array kit (BD Pharmingen, San. Diego, CA). 

EXAMPLE 44 

Characterization of the extent of protection against spore and letloal toxin challenge in 
Swiss Webster and A/J mice at 45 days post last immunization dose with modified B. 

anthracis vaccines 

[O302] Protection of mice against lethal toxin challenge. IMice immunized with 

selected candidate vaccines are challenged by tail vein injection with lethal toxin, as 
described previously (Price etal., Infect Immun., 69:4509-15 (2001 ); Rhie et al. (2003)). 
Lethal toxin is prepared by mixing recombinant PA and LF recombinant proteins (List 
Biological Laboratories, Campbell-, CA) as described (Rhie et al. (2O03)). The lethal toxin 
IV LDsoper mouse is approximately 12 jig of PA mixed with 6 jog of LF. The median 
lethality in mice of freshly prepared lethal toxin is determined by tail vein injection over a 
0 . 1-10 LD50 dose range of the published values. The protection studies will likely include 
lethal toxin challenge over a range of 5-10 times the LD 50 dose. In tliis model, unprotected 
mice succumb within 24 h. Initially, death by anthrax is confirmed in selected mice by 
plating blood on tryptic soy agar and incubating overnight at 37° C. Plates are observed 
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for colonies with 2-3rnrn typical anthracis-tike "ground glass" appearance. All mice 
treated with lethal toxin are monitored daily, and experiments are terminated after 2 weeks 
and all protected mice are sacrificed. 

[0303] Spore preparation. Sterne strain spores are prepared as described (Barnard 

and Friedlander, 1999). Briefly, single colonies are inoculated into 5 ml of FA medium. 
(3.3% tryptone, 2% yeast extract [dialyzed overnight against water], 0.2% L-histidine, 
0.8% Na 2 HP0 4 , 0.4% KH 2 P0 4 , 0.74% NaCl) contained in a 100-ml bottle and shaken for 5 
h at 37°C. One-tenth-milliliter aliquots are spread on L agar plates, and incubated at 37°C. 
Bacterial lawns are scraped from the plates, washed extensively with sterile water, heat 
shocked for 30 min at 60°C, washed with water, purified on 58% Renografin-76 (Bristol- 
Myers Squibb, Princeton, N.J.) in water, as previously described (Palucka et aL, Nature 
Medicine, 5:868-870' (1999)), and washed once more with water. The spores are then 
sedimented to a pellet at 10,000 x g and resuspendetf in 1% phenol in water. This yield of 
this process has been published to range from 0.5 x 10 9 to 5.0 x 10 9 spores per plate. 

[0304] Protection of mice against lethal spore challenge. The LD50 value of heat- 

shocked Sterne strain, spores given by intramuscular (IM) injection is determined over a. 
dose range of 10 3 to 1 0 8 spores. To evaluate protection in vaccinated mice against 
inhalation anthrax, challenge experiments are also performed by intratrachial (IT) spora 
administration, as described previously (Brook et al. , J. Med. Microbiol., 50:702-1 1 
(2001)). Briefly, the tongue of immobilized and anesthetized mice are gently pulled 
outward and laterally with forceps, and the vaccine is delivered using a syringe fitted with a 
blunt 1.5 inch 22-gau.ge needle bent at a gentle angle, approximately 1 inch from the tip. 
We anticipate that the Sterne strain LD 50 value administered by IM or IT routes is 
approximately 10 3 in A/J mice, and up to 10-fold higher in Swiss Webster mice. The 
protection studies include up to 100 LD50 dose spore challenge. All mice treated with 
spores are monitored daily, and experiments are terminated after 2 weeks and all protected 
mice are sacrificed. In all challenge experiments, tlxe mean time to death is determined in 
non-surviving cohorts. 
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EXAMPLE 45 

Protective immunity of the Listeria vaccines against challenge "with Vaccinia expressing 

OVA model antigen in mice 

[0305] The vaccines of the invention show protective immunization against a 

Listeria challenge. To further illustrate the ability to immunize and protect against a 
pathogen, Listeria vaccines with or without OVA antigen and with and without S-59 UVA_ 
treatment (second method of Example 13, above) are used to immunize against another 
microbe, e.g. vaccinia virus that expresses the OVA antigen (W-OVA). This will 
demonstrate that an antigen specific immunization against other microbes can be achieved 
with a Listeria vaccine. 

[03061 Vaccinia virus (WR strain) expressing OVA is obtained from La Jolla 

Research Institute and prepared in Vero cells using Opticell chambers (BioCrystal, OH). 
Opticell chambers are seeded with. Vero cells in Eagle's Minimal Essential Medium 
supplemented with L-glutamine, P/S (penicillin/steiptomycin), NIEAA (non-essential amiixo 
acids), NaHC0 3 , and 10% FBS. When the cells are at approximately 75% confluence, the 
growth medium is removed and replaced with fresh medium containing approximately 1 x 
10 5 PFU/mL of W-OVA. When the monolayers show >50% cytopathic effect, cells and 
supernatants are harvested, subjected to three freeze-thaw cycles, clarified and stored at -8© 
°C. The titer is determined by a plaque assay on Vero-76 cells. Ovalbumin expression by 
the vaccinia is confirmed by a western blot analysis prior to injection into the mice . 
[0307] C57B1/6 mice (3 per group) are vaccinated IV according to Table 27 and 

challenged on day 7 with IP injection of 1 x 10 7 PFU of the W-OVA. On day 12, the mice 
are euthanized and the ovaries are harvested and observed for gross pathology. The ovaries 
are also assayed for vaccinia plaque forming units. Paired ovaries from individual mice are 
homogenized in 1 mL of buffer, frozen (liquid nitrogen) and tha-wed (37 °C) three cycles, 
with vortexing between each cycle, then stored at -80 °C. To assay, samples are thawed, 
centrifuged at 4 °C to remove debris, and serially diluted for application to Vero cells. 
Vero-76 cells are plated in 6-well tissue culture plates. When th_e cell monolayers reach a 
confluence of about 70-85%, the medium is aspirated from each, well and the cells are 
inoculated with 1 mL of the appropriate dilution of ovary homogenate preparation. After at 
least one hour, the medium is aspirated and replaced with 3 mL of 1 : 1 2x growth 
medium: 1.5% agarose. Plaques are enumerated after 3-4 days o f culture. 
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Table 27 Vaccination of mice with Listeria monocytogenes expressing OVA and 
challenged with vaccinia expressing OVA. 



Vaccine strain 


Treatment 


Vaccination days 


Vaccination dose* 


HBSS 


- 


0 


IOOjiL 


AactA 


- 


0 


1 xlO 7 


AactA 


S-59 UVA. 


0, 1,2 


1 xlO" 


AactA OVA 




0 


1 xlO 7 


AactA OVA 


S-59UVA 


0, 1,2 


1 x 10* 


AactAAuvrAB 






1 xlO' 


AactAAuvrAB 


S-59 UVA 


0, 1,2 


1 xlO s 


AactAAuvrAB OVA 






1 xlO 7 


AactAAuvrAB OVA 


S-59 UVA. 


0,1,2 


1 xlO 8 


AactAAuvrAB OVA 


Heat-killed 


0,1,2 


1 x 10* 



*Initial dose, day 1 and 2 doses are 10-fold lower. All doses 100 \xL HBSS. 



[0308] All publications, patents, patent applications, and accession numbers 

(including both polynucleotide and polypeptide sequences) cited herein are hereby 
incorporated by reference in their entirety for all purposes to the same extent as if each 
individual publication, patent or patent application were specifically and individually 
indicated to be so incorporated by reference. 
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Applicant's oragent's 


International £*ppl ication No. - 


filerefercnce 28217200284O 


PCT/US2O04/003671 



INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 

(PCTRuiei36fc) 



, A, The indications made below relate to the deposited microorganism or other biological material referred to in the description 
on cage 84 .line 32-33 (paragraph [0178 ]) as DP-lA029uvrAB 



B. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 



American Type Culture Collection (ATCC) 



Address of depositary institution (including postal code and country) 

10801 University Blvd. 
Manassas, Virginia 20110-2209 
United States of Aiaexica 



Date of deposit 

03 October 2003 

i . . 


Accession Number 
PTA-5563 


C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet 



Listeria monocytogenes AactAAuvrAB mutant 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designat&d States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable^ 



The indications listed below will be submitted to the International Bureau later (speedy the general nature of "the indications egr.. "Accession 
Number of Deposlf 1 ) 



For receiving Office use only 



This sheet was received with the international application 



lUthorized officer 



For International Bureau use only 



HI This sheet was recef, 



onai Bureau on: 



Authorized officer 



m PCT/RO/1 34 (Jury 1998) 
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10801 University B!vd • Manassas, VA 201I0-22O9 • Telephone: 703-365-2700 • FAX: 703-365-2745 

BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 

' RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10. 

To: (Name and Address of Depositor or Attorney) 

Cerus Corporation 
Attn: John Tessman 
2411 Stanwell Drive 
Concord, CA 94520 

Deposited on Behalf of: Cerus Corporation 



Identificatipn Reference by Depositor: Patent Deposit Designation 

Listeria monocytogenes actA/inIB double mutant: actA/inIB PTA-5562 
Listeria monocytogenes actA/uvrAB double mutant actAVuvrAB PTA-5563 

The deposits were accompanied by: a scientific description m a proposed taxonomic description indicated 

above. The deposits were received October 3, 2003 by this International Depository Authox-ity and have been 
accepted. 

AT YOUR REQUEST: X_ We will inform you of requests for the strains for 30 years. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the Unitedl States Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures should die.or be destroyed during the effective term of the deposit, it shall be your 
responsibility to replace them with living cultures of the same. 

The strains will be maintained for a period of at least 30 years from date of deposit, or five years after the 
most recent request for a sample, whichever is longer. The United States and many other countries are 
signatory to ttie Budapest Treaty. 

The viability of the cultures cited above was tested October IS, 2003. ■ On that date, the cultures were viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 203 10-2209 USA. 
Signature of person having authority to represent AXCC: 




Date: November 10, 2003 



Marie Harris, Patent Specialist, ATCC Patent Depository 



cc: Alicia Hager 

(Ref: Docket or Case No.: 28217-3002900) 
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Applicant's or agent's 

fflercference 282172002840 



International appltcationNo. 
PCT/US2004/00367 1 



INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 



(PCTRulel36fc) 



recti 16 JUL 200* 



WIPO 



per 



A The indications made below relate to the deposited microorganism or other biological materi ai referred to in the description 
on oaee 100 . .line 25-26 (paragraph [0208]) as D?-L4406actA 



B, IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 



American Type Culture Collection (ATCC) 



Address of depositary institution (including postal code and country) 

10801 University Blvd. 
Manassas, Virginia 20110-2209 
United States of America 



Date of deposit 

03 October 2003 


Accession Number 
PTA-5562 


C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet 1 y 1 



Listeria monocytogenes kactAbdnlB double mutant 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated Stales) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specif the genera! nature of the indications e.g, "Accession 
Number of Deposit") 



For receiving Office use only 



P"1 This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



PI This sheet was received by the International Bureau ca: 

1'3.07.0't 



Authorized officer 



orm PCT/RO/134 (Jury 1998) 



149 



WO 2004/084936 



PCI7US2004/003671 




1 080! University Blvd • Manassns, VA 201 1 0-2209 • Telephone: 703-365-2700 • FAX: 703-365-2745 



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROC EDURE 



INTERNATIONAL FORM 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMEJNT ISSUED PURSUANT TO RULE 10. 



To: (Name and Address of Depositor or Attorney) 

Cenis Corporation 
Attn: John Tessman 
2411 Stanwell Drive 
Concord, CA 94520 

Deposited on Behalf of: Cerus Corporation 

Identificatipn Reference by Depositor: Patent Deposit Designation 

Listeria monocytogenes actA/inIB double mutant: actA/inIB PTA-5562 
Listeria monocytogenes actA/uvrAB double mutant: actA/uvrAB PTA-5563 

The deposits were accompanied by: a scientific description _ a proposed taxonomic description indicated 

above. The deposits were received October 3, 2003 by this International Depository Authority and have been 
accepted. 

AT YOUR REQUEST: X. We will inform you of requests for the strains for 30 years, 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures should die.or be destroyed during the effective term of the deposit, it shall be your 
responsibility to replace them with living cultures of the same. 

The strains will be maintained for a period of at least 30 years from date of deposit, or five year-s after the 
most recent request for a sample, whichever is longer. The United States and many other countries are 
signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested October 15. 2003. On that date, the cultures were viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 201 10-2209 USA. 
Signature of person having authority to represent ATCC: 




Date: November 1 C, 2003 



Marie Harris, Patent Specialist, ATCC Patent Depository 



cc: Alicia Hager 

(Ref Docket or Case No.: 28217-3002900) 
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CLAIMS 

What we claim is: 

1. A vaccine comprising a free-living microbe, wherein the nucleic acid of the 
microbe has been modified by reaction with a nucleic acid targeted compound that reacts 
directly with the nucleic acid so that the microbe is attenuated for proliferation. 

2. The vaccine of claim 1, wherein the nucleic-acid taxgeted compound is a nucleic 
acid alkylator. 

3. The vaccine of claim 2, wherein the nucleic acid altcylator is 0-alanine, N-(aoridin- 
9-yl)* 2-[bis(2-chloroethyl)amino] ethyl ester. 

4. The vaccine of claim 1 , wherein the nucleic acid targeted compound is activated by 
irradiation. 

5. The vaccine of claim 4, wherein the nucleic acid targeted compound is a psoralen 
compound activated by UVA irradiation. 

6. The vaccine of claim 5, wherein the nucleic acid tax-geted compound is 4 ! -(4-amino- 
2H)xa)butyM ^ 5^8-trimethylpsoralen. 

7. The vaccine of claim 1 , wherein the microbe comprises a genetic mutation that 
attenuates the ability of the microhe to repair its nucleic acdd that has been modified. 

8. The vaccine of claim 7, wherein the microbe is defective with respect to a DNA 
repair enzyme. 

9. The vaccine of claim 8, wherein the genetic mutation is in one or more gene 
selected from the group consisting of phrB> uvrA 9 wvrB, uvsrC, uvrD and recA, or in a 
functional equivalent of one or more gene selected from thLe group consisting ofp/irB, 
uvrA^ uvrB, uvrC, twrD and recA.. 
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1 0. The vaccine of claim 9, wherein the microbe comprises genetic mutations in both 
u vrA and uvrB y or in functional equivalents of" both uvrA and uvrB. 

1 1 . The vaccine of claim 8, which is defective with respect to RecA, or the functional 
equivalent of RecA. 

1 2. The vaccine of claim 1, wherein the microbe is a bacterium. 

13. The vaccine of claunl2, wherein the nxicrobe is Mycobacterium tuberculosis. 

14. The vaccine of claim 12, wherein the microbe is Bacillus anthracis. 

15. The vaccine of claim 12, wherein the microbe is Listeria monocytogenes. 

1 6. The vaccine of claim 1 5, wherein the nodcrobe comprises at least one mutation in 
both uvrA and uvrB. 

1 7 . The vaccine of claim 16, wherein the nxicrobe further comprises a imitation in the 
aatA gene, the inlB gene, or both genes. 

1 8 . The vaccine of claim 1 , wherein the microbe comprises a heterologous nucleic acid 
sequence encoding an antigen. 

1 9. The vaccine of claim 1 , wherein the vaocine further comprises a pharmaceutically 
acceptable carrier or an adjuvant 

20- A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine of olaim 1 . 

21. A method of inducing an immune response in a host to an antigen comprising 
administering to the host an effective amount of the vaccine of claim 1, wherein the 
microbe expresses the antigen. 
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22. An isolated professional antigen-presenting cell comprising a free-living microbe, 
wherein the nucleic acid of the microbe has been modified by reaction with a nucleic acid 
targeted compound that reacts directly with the nucleic acid so that the microbe is 
attenuated for proliferation. 

23. The professional antigen-presenting cell of claim 22, which is a dendritic cell. 

24. The professional antigen-presenting cell of claim 22, wherein the nucleic-acid 
targeted compound is a nucleic acid alkylator. 

25. The professional antigen-presenting cell of claim 24, wherein the nucleic acid 
alkylator is p-atanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester. 

26. The professional antigen-presenting cell of claim 22, wherein the nucleic acid 
targeted compound is activated by irradiation. 

27. The professional antigen-presenting cell of claim 26, wherein the nucleic acid 
target6( l compound is a psoralen compound activated by UVA irradiation. 

28. The professional antigen-presenting cell of claim 27, wherein the nucleic acid 
targeted compound is 4 , -(4-aInino-2K)xa)butyl-4,5^8-trimethylpsoralen. 

29. The professional antigen-presenting cell of claim 22, wherein the microbe 
comprises a genetic mutation that attenuates the ability of the microbe to repair its nucleic 
acid that has been modified. 

30. The professional antigen-presenting cell of claim 29, wherein the microbe is 
defective with respect to a DNA repair enzyme. 

31. The professional antigen-presenting cell of claim 30, wherein the genetic mutation 
is in one or more gene selected from the group consisting ofphrB, trnrA, wvrB, uvrC, uvrl 
and recA, or in a functional equivalent of one or more gene selected from the group 
consisting ofphrB, wvrA, uvrB, uvrC> uvrD and recA. 



153 



WO 2004/084936 



PCT/US2004/003671 



32. The professional antigen-presenting cell of claim 3 1 , wherein the microbe 
comprises genetic mutations in both uvrA and uvrB, or in functional equivalents of both 
uvrA and uvrB. 

3 3 . The professional antigen-presenting cell of claim 3 1 , wherein the microbe is 
defective with respect to RecA, or a functional equivalent of Rec A. 

34. The professional antigen-presenting cell of claim 23, wherein the microbe is a 
bacterium. 

35. The professional antigen-presenting cell of claim 34, wherein the microbe is 
Mycobacterium tuberculosis. 

36. The professional antigen-presenting cell of claim 34, wherein the microbe is 
Listeria monocytogenes. 

37. The professional antigen-presenting cell of claim 32, wherein the microbe 
comprises at least one mutation in both uvrA and uvrB. 

38. The professional antigen-presenting cell of claim 22, wherein the microbe 
comprises a heterologous nucleic acid sequence encoding an antigen. 

39. A vaccine comprising the professional antigen-presentdng cell of claim 22. 

40. A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the professional antigen-presenting cell of claim 22. 

41 . A method of inducing an immune response in a host to an antigen comprising 
administering to the fctost an effective amount of the professional antigen-presenting cell of 
claim 22, wherein the microbe comprises a nucleic acid sequexice encoding the antigen. 
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42. A method of activating naive T cells in vitro, comprising contacting the naive T 
cells with the professional antigen-presenting cell of claim 22 under suitable conditions and 
for a sufficient time to activate the naive T cells. 

43 . A method of loading professional antigen-preseirting cells with an antigen 
comprising contacting the professional antigen-presenting cells in vitro with a free-Living 
microbe that comprises a nucleic acid sequence encoding the antigen, under suitable* 
conditions and for a. sufficient time to load the professional antigen-presenting cells, 
wherein the nucleic acid of the microbe has been modified by reaction with a nucleic acid 
targeted compound that reacts directly with the nucleic acid so that the microbe is 
attenuated for proliferation. 

44. A method of activating and/or maturing professional antigen-presenting cells 
comprising contacting the professional antigen-presentiixg cells in vitro with a free-living 
microbe that comprises a nucleic acid sequence encoding an antigen, under suitable 
conditions and for a sufficient time to activate and/or to allow the maturation of the 
professional antigen-presenting cells, wherein the nucleic acid of the microbe has been 
modified by reaction with a nucleic acid targeted compound that reacts directly with, the 
nucleic acid so that the microbe is attenuated for proliferation. 

45. A method of preventing or treating a disease in a host, comprising the following 
steps, (a) loading professional antigen-presenting cells with an antigen by contacting the 
cells with a free-living microbe that comprises a nucleic acid sequence encoding an 
antigen, wherein the nucleic acid of the microbe has been modified by reaction with a 
nucleic acid targeted compound that reacts directly with the nucleic acid so that the 
microbe is attenuated for proliferation; and (b) administering an effective amount or a 
composition comprising the loaded professional antigen-presenting cells to the host. 

46* A method of inducing an immune response to an antigen in a host, comprising the 
following steps, (a) loading professional antigen-preseixting cells with the antigen t>y 
contacting the cells with a free-living microbe that comprises a nucleic acid sequence 
encoding the antigen, wherein the nucleic acid of the microbe has been modified by 
reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid so 
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that the microbe is attenuated for proliferation; and (b) administering an effective amount 
of a composition comprising the loaded professional antigen-presenting cells to the host. 

47. An isolated mutant Listeria monocytogenes strain comprising a genetic mutation 
that attenuates its ability to repair its nucleic acid. 

48. The mutant strain of claim 47, which is defective with respect to at Least one DNA 
repair enzyme. 

49. The mutant strain of claim 47 which is attenuated with respect to Uv^rA, UvrB, or 
both UvrA and UvrB. 

50. The mutant strain of claim 49, which comprises a genetic mutation kn the uvrA 
gene, the uvrB gene, or both the uvrA and uvrB genes. 

5 1 . The mutant strain of claim 47, wherein the nucleic acid of the bacteria of the strain 
have been modified so that the bacteria are attenuated for proliferation. 

52. The mutant strain of claim 47, which is selected from the group consisting of a 
Listeria monocytogenes czctA'luvrAB' strain deposited, with the American Type Culture 
Collection (ATCC) and identified by accession number PTA-5563, or a mutant of the 
deposited strain which is defective with respect to UvtA, UvrB, and ActA. 

53. The mutant strain of claim 52, which is Hie Listeria monocytogenes tzctAlinlB' 
strain deposited with the .American Type Culture Collection (ATCC) and identified by 
accession number PTA-5 562. 

54. A vaccine comprising (a) the mutant strain of claim 47, and (b) a phannaceutically 
acceptable carrier or adjirvant 

55. A method of inducing an immune response in a host to an antigen comprising 
administering to the host an effective amount of a composition comprising tfhe strain of 
claim 47, wherein the strain comprises a nucleic acid molecule encoding the antigen. 
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56. A method of preventing or treating a disease in a host, comprising: administering to 
the host an effective amount of a composition comprising the strain of claim 47. 



57. A professional antigen-presenting cell comprising the strain of claim 47. 

58. An isolated mutant Bacillus anthracis strain comprising a genetic mutation that 
attenuates its ability to repair its nucleic acid. 

59. The mutant strain of claim 58, which is defective with respect to at least one DNA 
repair enzyme. 

60. The mutant strain of claim 59 which is attenuated with respect to UvrA, UvrB, or 
both UvrA and UvrB. 

6 1 . The mutant strain of claim 60, which comprises a genetic mutation in the uvrA 
gene, the uvrB gene, or both the uvrA and uvrB genes. 

62. The mutant strain of claim 58, which comprises one or more mutations in the lef 
gene, the cya gene, or "both genes that decreases the toxicity of the strain. 

63. The mutant strain of claim 58, wherein the nucleic acid of the bacteria of the strain 
have been modified so that the bacteria are attenuated for proliferation. 

64. A method of inducing an immune response in a host to a Bacillus anthracis antigen 
comprising administering to the host an effective amount of a composition comprising the 
mutant strain of claim 58. 

65. A method of preventing or treating a Bacillus anthracis infection in a host, 
comprising administering to the host an effective amount of a composition comprising the 
mutant strain of claim 5 8. 

66. A vaccine comprising a free-living microbe >vhich is defective with respect to at 
least one DNA repair enzyme. 
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67. The vaccine of claim 66, wherein the ioicrobe comprises a genetic mutation in one 
or more gene selected from the group consisting of phrB, wvrA, iwB, t/w-C, nvrD and 
recA, or in a functional equivalent of one or more gene selected from the group consisting 
ofpArB, uvrA, uvrB 9 uvrC, wvrD and reck. 

68. The vaccine of claim 67, wherein the microbe comprises genetic mutations in both 
uvrA and uvrB, or in functional equivalents of both uvrA and uvrB. 

69. The vaccine of claim 66, which is defective with respect to RecA, or the functional 
equivalent of RecA. 

70. The vaccine of claim 66, wherein the microbe is a bacterium. 

71 . The vaccine of claim 66, wherein the microbe comprises a heterologous nucleic 
acid sequence encoding an antigen. 

72. The vaccine of claim 66, wherein the vaccine further comprises a phaimaceuticaUy 
acceptable carrier or an adjuvant. 

73. A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the vaccine of claim 66. 

74. A method of inducing an immune response in a host to an antigen comprising 
administering to the liost an effective amount of the vaccine of claim 66, wherein the 
microbe expresses tb.e antigen. 

75. An isolated professional antigen-presenting cell comprising a free- living microbe 
which is defective with respect to at least one DNA repair enzyme. 

76. The antigen-presenting cell of claim 75, wherein the microbe comprises a genetic 
mutation in one or more gene selected from the group consisting of phrB, %ivrA 9 t/vrB, 
twC, wvrD and recA., or in a functional equivalent of one or more gene selected from the 
group consisting of phrB, uvrA y wvrB, uvrC, uvrD and recA. 
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77. Hie antigen-presenting cell of claim 76, wherein the microbe compjises genetic 
mutations in both uvrA and uvrB 9 or in functional equivalents of both uvrA and uvrB. 

78. The antigen-presenting cell of claim 75, which is defective with respect to RecA, or 
the functional equivalent of RecA. 

79. Th.e antigen-presenting cell of claim 75, wherein the microbe is a bacterium. 

80. The antigen-presenting cell of claim 75, wherein the microbe compxises a 
heterologous nucleic acid sequence encoding an antigen. 

81. A method of preventing or treating a disease in a host, comprising administering to 
the host an effective amount of the antigen-presenting cell of claim 75. 

82. A method of inducing an immune response in a host to an antigen oomprising 
adniinistering to the host an effective amount of the antigen-presenting cell of claim 75, 
wherein the microbe expresses the antigen. 

83 . A free-living microbe for medical use, wherein the nucleic acid of the microbe has 
been modified by reaction with a nucleic acid targeted compound that reacts directly with 
the nucleic acid so that the microbe is attenuated for proliferation. 

84. An. antigen-presenting cell for medical use, wherein the antigen-presenting cell 
comprises a free-living microbe, wherein the nucleic acid of the microbe has been modified 
by reaction with a nucleic acid targeted compound that reacts directly with the nucleic acid 
so that the microbe is attenuated for proliferation. 

85 . A mutant Listeria monocytogenes strain for medical use, wherein ttxe mutant 
Listeria monocytogenes strain comprises a genetic mutation that attenuates its ability to 
repair its nucleic acid. 

86. A firee-living microbe for medical use, wherein the microbe is defective with 
respect to at least one DNA repair enzyme. 
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The microbe of claim 86, which is Bacillus anthracis or Listeria monocytogenes. 



88. An antigen-presenting cell for medical use, wherein the antigen-presenting cell 
comprises a free-living microbe, wherein the microbe is defective with respect to at least 
one DNA repair enzyme. 

89. A kit comprising both (a) composition comprising the mutant Listeria 
monocytogenes strain of claim 47, the mutant Bacillus anthracis strain of claim 58, or a 
free-living microbe, wherein the nucleic acid of the free-living microbe has been modified 
by reaction with a nucleic acid targeted compoxind; and (b) instructions for the use of the 
composition in the prevention or treatment of a disease in a host. 



160 



WO 2004/084936 



PCT/US2004/003671 



uorjejuesojd 6v % 
A:bssv BiuoppqAH Zfi8 

O 




jew Bon 

euaisn adAj p|jM 



1/51 



WO 2004/084936 



PCT/US2004/003671 



uoneiudsajd 6v % 
Aessv euiopuqAH ZZS 



o 

oooooooooo 
t- O 00 h- CO to ^t* co c\i o 



I — I — h 



H 1 I 1 h-Bf 




03 S (D tO ^ P) Ol i- O 



I 



uo|»ejuasajd 6\/ % 

111 1 — 1 l 1 1 i q 



(0 



c 

8* <? 




e 

3 
O 
CL 

E 

3 



I 



s o m co cm 

-on jow Bon 



2/51 



WO 2004/084936 



PCT/US2004/003671 




3/51 



WO 2004/084936 



PCT/US2004/003671 




— , — | — i — i 1 — j — | — i — i — EJ o 

ooooo oooooo 
ooooo ooooo 

O O) 00 N (D W^fOOCMx- 



(giuui) |oa JOtuni uceiAj 



4/51 



WO 2004/084936 



PCT/US2004/003671 



CO 
CO 
CD 



CD 
LO 
O 

i 

Q_ 
Q 



O 
Q_ 



5 5 5 



0 o 

1 I 
CD CO 
LO LO 
O O 



o 

I 

o 



IHH 



o 

Dl 

1 

■ 



c 
o 

r 

o 
a 
o 



> 

3 
CO 



4- 



I 



_ o 



o 



I 

O 
LO 



O 

CO 



O 
CM 



c 

JS 
a 

E 
o 

o 

I 

CD 

CO 

to 
o 

I 

Q 



5/51 



WO 2004/084936 



PCT/US2004/003671 




»-dNl 

6/51 



WO 2004/084936 



PCT/US2004/003671 




»-JNl 



7/51 



WO 2004/084936 



PCT/US2004/003671 



T3 



O O 
CM CO 



CO 

no CO 

E __ O) O) 

_ w CN 

to oq Q O 

□ 



CO 




C 
0 

8 

I ? VAO9S0tO-da c 

u 

(0 

> 



CD 



in 
o 

+, 9sota-da 



8/51 



WO 2004/084936 



PCT/US2004/003671 





CD 
CD 
CD 

o 

CO 
D) 

CD O 



- CD 



C 

o 

1 



O 

c 
o 
o 

o> 

<? 

CO 



oo 

i 

s 



<3> CO s (O w t CO N 

ja»!j6oi 



9/51 



WO 2004/084936 



PCT/US2004/003671 




00)OON(DIO^OOCMt-0 



- ! 



10/51 



WO 2004/084936 



PCT/US2004/003671 



uopeiuesajd Bv % 
Aessv euuopuqAH Z£8 



OOOOCDOOOOO 

t- o) oo n co m co cm t- o o 
I — I — hH — J — I — I — 1 I f 3 1 ^ 




o 
o 

GO 



o 
o 

CO 



o 



o 
o 

CM 



c 
o 



c 

0) 

o 
c 
o 
o 

CD 

■? 



uoi;c;uosojd Bv % 
Aessv BtuopuqAH ZGQ 



oooooooo 

r-O)00SCDlO^(O 



o o 

CM t- O 




o 
o 



o 

CD 



8 



o 

CD 



O 



c 
o 

c 

0) 

o 

-* I 

o «? 

CO w 



o 

CM 



ON 



CD 



n to in ^ 

jaw 6oi 



11/51 



WO 2004/084936 



PCT/US2004/003671 



1 
S 




Oh 

1 



I I I 1 1 Mi ll- 




n to n v n n o 



uoi)e;udsajd 6y % 



o o o ooooooo 



I — I — I 1 — I — I I 1 I 



g 

'£ 

v. § 

i§ 8 
J3 < 

M 




CO 



O 

£ 



o 



(0 



VAO W^eF 



I 



uopejuasaid 6v % 
0 Xbssv eiuopuqAH ZG8 
oooooooooo 

T-O00N(Dl0tnCMT-O 
I 1 1 h 



o> CO 




^ a 



c 
o 



s 
1 



c 
o 
o 
c 
o 
o 
a> 
m 
i 



S CD lf> '"t CO CM i- 

J3)!l Bon 



12/51 



WO 2004/084936 



PCT/US2004/003671 




13/51 




14/51 



WO 2004/084936 



PCT/US2004/003671 




15/51 



WO 2004/084936 



PCT/US2004/003671 




s l|90 1 +8QO Ndh A »ueojed 



16/51 



WO 2004/084936 



PCT/US2004/003671 



o 

o 



CD 




CQ 
CM 

O) 



S||80 J. +KI0 + B-NJI 9.U33J3C) 



17/51 



WO 2004/084936 



PCT/US2004/003671 




18/51 



WO 2004/084936 



PCT/US2004/003671 



X 



> £ > 



t 



1- 



< -I 



l 1 1 1- 



-J 

i 



<3 



ON 
I 

00 



-on 



o 
u 

o 

a 

o 

i 

! 



CO 
1 — ( 



SSHH 



—i 1 — i r- 



ueaids/njo 



19/51 



WO 2004/084936 



PCT/US2004/003671 



□ 

o 



4 



i 



} 



9<K» PUM. 



y&vy 



-on 



vO 

fa 



SS9H 



j — i — i — i — i — i — i — i — r 

© o> CO t-» (P 40 ^ P) N r- 

qOOOOOOOOO 



On 
i 

CO 



O 

a 

o 

i 
•i 

o 



m 

CO 
» — I 



JQAn/ndO 



20/51 



WO 2004/084936 



PCT/US2004/003671 



f ° 



i 



} 



•on 



-2 



cd 



3 



gyMwyyiovy 
< 



1 

00 



§• 

I 

a 
o 

j 



VAfl/6S-S VWV 
p3UpnB8i| 



SS8H 



l 1 1 1 l 1 l 

t— cd m <o cm •«- o 

oooooo oo 



< 



PL, 



21/51 



WO 2004/084936 



PCT/US2004/003671 



4 



4 



t 



□ 



} 



i 



< 1 1 i l 1 

r^- <o lO rt CO 
CD O O O O 



on 



3 



3 , 



3 ^ 



f 

CO 

1 



I 

o 

a- 
© 

s 

a 

o 
> 



VAfl/6^S FP»|7 



SS8H 



CM t- © 

^3 o o 



5? 



22/51 



WO 2004/084936 



PCT/US2004/003671 





VAH/6S-S Vf^W 



O 
U 

o 

§ 

i 



to 



jam Aooqiiue ouioeds euaisn 



23/51 



WO 2004/084936 



PCTAJS2004/003671 




•on 



x 



* 7 



OS 



in 



X 



■ 



7 



3 



a. 
o 

a 

a 

1 

.9 

o 
w 



V© 
1—1 



VAJ1/6S-S PJKwp 



SSSH 



24/51 



WO 2004/084936 



PCT/US2004/003671 




25/51 



WO 2004/084936 



PCT/US2004/003671 




26/51 



WO 2004/084936 



PCT/US2004/003671 




27/51 



WO 2004/084936 



PCT7US2004/003671 




28/51 



WO 2004/084936 



PCT/US2004/003671 




IB 
ii 



S5 
E 

to 
o 
Q- 

o 

CO 



CD 



1 




6^1 VAO ^op>jH 



6^1 XD^^VAO QV^WVVW 



s»3 vao w*wv&w 



6^1 VAO SYMwvV&W 



VAO 1I91/I 



vao -on 



VAO W>W 



yio»v 



SSHH 



o o o o o ooo 

lO O LO O LO O lO 
CO CO CM CM r- t- 

6un*i jad asaejsB;a|/vi "ON uea|/y 



m 

ON 



29/51 



WO 2004/084936 



PCT/US2004/003671 



CO <r 

CO 3 

I Co 

• < 



(0 

c 
o 

r 

o 

Q. 

o 



5 

E 

3 

C/3 



O 

O 

-3 



d> 
CM 

o 

QQ 

1 

< 

s 

o 

5 



O 
CL 

o> 

o 

OQ 

1 

< 

s 

O 
<B 

<1 



! 

O 

< 



?i H II 




o 

ON 
<D 



O 



30/51 



WO 2004/084936 



PCT/US2004/003671 




31/51 



WO 2004/084936 



PCT/US2004/003671 




32/51 



WO 2004/084936 



PCT/US2004/003671 



< 



X X 



X! X! 

r- 1 CO 

H H 

O U 

< < 



o 

•i-H 

M 
"g 

s 



0) 

c 
o 

t 

o 

Q. 
O 



(0 

> 
£ 

3 

(0 



i i 



1 

3 



1 ^ 

3 ^ 



1 1 

3 -5 



llil 




CM 

<£> 
CM 

O 



CO 

o 

Q. 
(0 

Q 



o 

o 

CN 
CD 



33/51 



WO 2004/084936 



PCT/US2004/003671 




34/51 



WO 2004/084936 



PCT/US2004/003671 





35/51 



WO 2004/084936 



PCT/US2004/003671 





36/51 



WO 2004/084936 



PCT/US2004/003671 




37/51 



WO 2004/084936 



PCT/US2004/003671 



r 



3 s n 



t3 

<L> 

■a 



X 



ON 
I 

00 



V 




i |in.| m .. | mi | i 

H 08 09 Ob 03 



s 
| 

to 

X 
CJ 

o 

*00l 08 



AH1 








I 1 [ 

\ rrri|i i 1 1 i rrni iiiiin-rr - 



us 



09 0b 02 




1 1 ""i ""I 
09 0b 03 0 




<X. l ' 1 ' 1 M 1 1 1 I 1 1 ii | 1 1 1 1| 1 1 1 1 J 

001 08 09 0b 03 0 




i pi i H rrrn mrp 

.001 08 09 0b 0? O 
s*un<0 




i 



08 OQ 0b 03 0 




001 08 09 0b 03 




i|i i ■ ■ I rrrn Mii| i 

001 08 OQ 0b 03 0 



IHV 



38/51 



WO 2004/084936 



PCT/US2004/003671 




rrrrp i ■ i | imp 

DOL 08 09 0> OS 0 




001 08 09 0b 02 0 





ii 1 1 [ i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ii 
001 08 09 0> 02 




%l 08 09 0b 02 0 



001 08 09 0>. OZ 0 




CO 



09 0b 03 0 




I | l I 1 1 1 1 1 I I | l lllf o 

001 08 09 Ob OZ 0 




08 09 0b 03 0 



IHV 



SV-IHV 



39/51 



WO 2004/084936 



PCT/US2004/003671 




"'l' 1 1 i| iiiij « 1 1 1 j 
001 08 09 Ob 02 . 0 




1 1 1 1 n i 1 1 1 1 1 1 1 1 
OOl 08 09 Ob OZ 0 



< 
> 

% 

& 



SL8 




CM 





111 



001 08 09 Ob 02 0 




mrp i ■ i | i n i| i n 1 1 i hi p g 

00 1 08 09 0b 0Z 0 




i p i i i | 1 1 1 1 1 n 1 1 | m i f 2 

001 08 09 0b OZ 0 




001 08 09 0b OZ 0 




ii H n i m. | rrrrf - O 

001 08 09 0b 02 0 *" 

sjunoo 

isooa 



O 

CO 

cs 



40/51 



WO 2004/084936 



PCT/US2004/003671 




41/51 



WO 2004/084936 



PCT/US2004/003671 




42/51 



WO 2004/084936 



PCT/US2004/003671 




43/51 



WO 2004/084936 



PCT/US2004/003671 




44/51 




45/51 



WO 2004/084936 



PCT/US2004/003671 



C 
(Q 

<D 



a: 

Q 



□ 
c 

(0 

a> 

CO 
00 

Q 

O 




o 

Q 

■ ■ 

as 

umm 

i- 
<D 

O 

nofraos+-sdn+ ^ 



Sdl+ 



pejeanun 



3 



ft 



a 
E 



— I — 
CM 



T 



1 



o o 
o o 

O 00 



o 
o 

to 



o 
o 

CM 



A)isue;u| eouaoseaoni j ueipa[/\] 



46/51 



WO 2004/084936 



PCT/US2004/003671 




wfcia-v-iH + €8ao % 



47/51 



WO 2004/084936 



PCT/US2004/003671 



J 



990* 1-001 



c 



9S0* O 

o 

■ ■ 

.2 
IS 

(0 
CD 

iofraos+sdi+ 



o 

Q. as 

CM r © 
r U. ^ 

mum 



8 



o 
o 



Sdl + 



0 

E 

IS 
4> 



(iai/Bd) eui^ojAQ 



48/51 



WO 2004/084936 



PCT/US2004/003671 




49/51 



WO 2004/084936 



PCT7US2004/003671 



flj 3 



2 

-I 
2? ° 

O c 

d 2 



a. 

Q- 

< 

to 
to 

tO 

Z 

ULi 

< 

to 

< 

Q 



O 
O 
< 



to 
> 



IS) 



^ — 



O* 
_J 

> 



^ > 



^ sr. ^ > 



LLl 

UJ ^ lO 

a: -J < l_ 

> 



< 
< 



> 



to 

> 

U 

^ < u. 



L4J X 



(A 

{J us 



^ X 



>- 
> 
>- 

to 

Q u, > > 



> acy 

S > UJ 

< 2-« 

I" -50 



to a - 
lO 



to 



uu 



a°> 

-O.H- 

^ to 

to Q _j 
uu UJ ai 



2 <> Q _j 



< U 

ci. a u - 

_j to — ' 

>*°- 

</l Q 

< 

Q£ < o£ 

UJ W u. 
UU ^ UJ 

^ _ UJ 

, . to 
<*co Q 

>«/>> 

I- u_ O 

>>< 

-«H< 

— Q- 



o 

CL 



I 

X 

o 



uu 



-a 

<v 
c 



cu 

E 



c& 
CU> 
O 

4— » 

OJ 

to 3 
on 

ts S 

•cr or 

in 

LU 

a. 
•a 

x - ai 
on 73 

as: 4= 

Q_ CL 

<V 

i- 1 

"to 



E 



to 



50/51 



WO 2004/084936 



PCT/US2004/003671 




51/51 



WO 2004/084936 



SEQUENCE LISTING 

<UO> CERUS CORPORATION 

DUBENSKY Jr., Thomas W. 
BROCKSTEDT, Dirk G. 
BAHJAT, Keith 
HEARST, John E. 
COOK, David 

<120> MODIFIED FREE-LIVING MICROBES, VACCINE 
COMPOSITIONS AND METHODS OF USE THEREOF 



<130> 282172002840 

<140> Not Yet Assigned 
<141> 2004-02-06 

<150> US 60/446,051 
<151> 2003-02-06 

<150> US 60/449,153 
<151> 2003-02-21 

<150> US 60/490,089 
<151> 2003-07-24 

<150> US 60/511,869 
<151> 2003-10-15 

<150> Not Yet Assigned 
<151> 2004-02-02 

<160> 52 

<17 0> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 8 
<212> PRT 
<213> Murine 



<40O> 1 

Ser lie lie Asn Phe Glu Lys Leu 
1 5 



<210> 2 
<211> 12 
<212> PRT 

<213> Listeria monocytogenes 



<400> 2 

Asn Glu Lys Tyr Ala Gin AJLa Tyr Pro Asn Val Serr 
15 10 

<210> 3 
<211> 9 



1 
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<212> PRT 
<213> Murine 



<400> 3 

Val Ala Tyr Gly Arg Gin Val Tyr Leu 
1 5 



<210> 4 
<211> 8 
<212> PRT 

<213> Herpes simplex virus 



<400> 4 

Ser Ser lie Glu Phe Ala Arg Leu 
1 5 



<210> 5 
<211> 2915 
<212> DNA 

<213> Listeria monocytogenes 



<400> 5 

atcacgaaaa 

gttgcaattc 

cctgtataag 

ccgccaccat 

tcaagattat 

actttgagta 

tagaaagatt 

tcaccacctg 

acaattgttt 

tctacagtca 

tcaccattgt 

tgcatttcaa 

ttaaaactaa 

aggtcacgaa 

ccgattggtg 

ttgtgttcac 

acttcattca 

gctagtggaa 

aattctagtc 

agatagtcac 

acaattcgtc 

atcatcgtat 

tggagtgtgc 

aaaatataaa 

gcttcgccac 

ttttttaaga 

tctttttcag 

ctgatttgcc 

tagcctttac 

aaatcggaat 

atccacgttt 

tttgatccat 

atatctattc 

attgggcgcc 



atcccgctta 
gttcttccgt 
atttttttga 
cgccaccttc 
gctcaatetac 
aacgaccaat 
ttccgttact 
aaagcgtagt 
gaagtttacg 
tttctaafcac 
atcgtttfccc 
ttttgatc/at 
agcgaccttt 
tatcatccjaa 
attggtcaat 
ctggtttfcgc 
ctaacgaa.ct 
tttttgcatt 
cgttaccttt 
cagtgatg-ga 
cgccgtgttc 
cttcgtcatg 
tgattaaacg 
gtacaccagt 
cagaaagcgt 
agcctagtct 
atagttctaa 
caatatgatg 
aagatggaca 
ttgtttcacg 
cgcgtgtcat 
ttaaaataat 
caaattcttt 
aaggaataat 



tattttgaat 
gcgttcttta 
gcgagcgatt 
tggacctaaa 
aagtactgta 
atcatctgcg 
acgtttatga 
tgcaggttgt 
cgcaattctt 
ttcagcaata 
atgacaaact 
tccgtcgcct 
tttataacca 
agctcctgta 
attgataatt 
gtggtttcta 
tttacctgaa 
tacgtttttg 
tctacgttta 
atttttatta 
tcctgcacct 
ctcaacgaca 
atcattatct 
aagtctggaa 
cccagctgca 
agcacgaact 
gccatcgaag 
gtcgtttact 
tggtaaatca 
atagcgacgt 
accgaaatca 
atctaattct 
acaggcagaa 
agcaccttca 



aagcggcjatt 
tcgcgttcta 
ttttcacjgtg 
tcaatcaagt 
tcgccattct 
tggagtccgg 
agttccgaag 
ccaagtogaa 
ggttggttgg 
tttttgcctt 
tcacaggrgta 
ttacaccjcct 
cgaacttrtgg 
taagtag-ctg 
ttttctetggt 
tttagttttc 
cctgaaactc 
agattafcttg 
gcagggactg 
ttggcaactt 
ggaccaatat 
ataagcgrtgt 
cgttgatgaa 
ccgatttgtg 
cggctcattg 
tctttgaaaa 
aaagcaagtg 
ttaacgcjaaa 
gtcatatatt 
tcgatatttg 
tttttgtatt 
tctttggrata 
gctagcattt 
tttagacraca 



ttgattattt 
aaattggttt 
tgccggttgc 
aatcagcttg 
cttctacaag 
tagttggttc 
ctagtttgac 
tatagccaag 
tgaaatattc 
tataacgaat 
catatacatc 
cgcaacggcc 
cttcattagt 
gattcgatct 
tttcgatgcc 
tcgctaacgc 
cagttacaca 
ctttagcacc 
gaataaattt 
cttctggtgt 
caataagata 
ttccaatgtc 
gaccgatgga 
tagcaagtcg 
ttaggtagtc 
ttggcgctgc 
cttcattaat 
gtgtttcttc 
gcgccatttg 
gaagtatccc 
cgaagtagaa 
gcttctcaag 
gcgggtagta 
tacttctatc 



tttcttagct 
caagtafctta 
aataatttga 
tttgata.acg 
tctttgtaat 
atccags.ata 
gcgctgcgct 
accaacatct 
tagtccttcc 
atctaacgtc 
aggcaacjaaa 
accttttacg 
acttgcc/aaa 
cggtgttctt 
ttttatttct 
ttttcgoagt 
ggaaaaagta 
aataatfctct 
tttacctgaa 
tccggctgca 
atctgcg-gcc 
acgcata.ctt 
aggttcatct 
aattcgttgc 
gagcccaaca 
aatttgtgtt 
agaaaacrtca 
ttttaga_cga 
atcgcgtgtg 
ttcaaacgga 
ttctttatct 
aggtgta_tcc 
ctgtgaa-cta 
aggaataacc 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

84.0 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 
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gfcgtcgacat 
gggctgttga 
csicgcatagt 
ccatcagcta 
ttaatcacaa 
atttcgtcat 
tfcgatttcct 
atttgaatac 
tgagaagtga 
aagcgcaaat 
gttgtttttt 
ttatccattt 
t^tccttctg 
g-fccataacta 
cttgcaccct 



cgacttcaag 
aagagaacat 
gttcactaaa 
aacgaagagc 
tgcgatcaat 
tgatatcata 
caatagtttt 
gtgttttttc 
tttcaatacc 
agtcatggat 
gatcaatcga 
gccctaaaaa 
cataaatcgt 
ctaatttgtc 
gaattactat 



-fcttagtccca 
-fccttggttct 
-taataattct 
agcttcaatg 
aatgatttca 
aiatttctcca 
cttatgtgtc 
-fcgggtattct 
gtgatttgga 
-fctctgtaact 
satggcaggg 
-fctggcgtgca 
atcaaaagca 
"tctaggaatc 
tttctcttta 



agtccatcac 
aattcaccaa 
ttatccccca 
gaatcataca 
atagaatgct 
tcaacacgaa 
ccttttttac 
agaacacgat 
caaaccggat 
gtcccaacag 
cttaatcctt 
tatgcggaca 
agcgaagatt 
tctacatcaa 
tccaa 



at gtggggca 
eg gaaaaacc 
tt atatcaac 
ga cgagtatt 
tt-ttgttttt 
tt cgaacata 
ca gaaacgat 
ct accatttg 
gc ccaacacg 
tg<gaacgtgg 
caattaaatc 
aagactctac 
ta octgaacc 
tg-ttttttaa 



agegecaaat 
acaataaggg 
aacegcataa 
gatgccctct 
ctcaatttca 
tccttctttt 
tggagecatt 
ttcgattgtt 
agcataaagt 
attaeggett 
cacatctggt 
ataaegtett 
tgaaagecca 
gttatgggct 



2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2915 



<210> 6 
<211> 1991 
<212> DNA 

<213> Listeria monocytogenes 



<400> 6 

tcatccttcc 

aagtgcttta 

tttcttagac 

agtcgctgcg 

ttcattatat 

egaateggtc 

acccattgtt 

aatagegaca 

gataacatca 

cacttccgag 

cteggacatt 

gttaatctca 

gtctagcaag 

gtaagggect 

taaacgaagc 

ttgttttctg 

ctcatcaatt 

tcccgctgga 

ttcttccatc 

tttattatct 

tgetttttte 

ttctctttct 

atcaccgaaa 

aacatcaccg 

aatatctact 

aacgagcatc 

aatgataatt 

gatttcatca 

ttctggttga 

ctctttaaac 

cgrgcttattt 



gcttttattt 
getgettett 
attttgetta 
atgataccac 
tcaatttgga 
attttatcag 
tgaattaagg 
agagatactt 
tacacaccaa 
tggagatact 
tttttcgtta 
tccattaagt 
ccagttggtc 
ggtgtagcgg 
ggectattat 
gcttggtccc 
accatttgga 
cgaagggata 
atttccaaat 
geaegtaaaa 
ataatatcag 
cctataattt 
aattcaatcc 
egaacaegga 
aatttgegea 
tctccatatt 
acatcgcgac 
ttgatacttg 
tagtaatcat 
tegctataca 
acttcttgaa 



ccagtaaagc 
•fccatttcatg 
satcatgttg 
cjaatttcttt 
•fctttacgacg 
oatacatgat 
^aegctegga 
oaggtaaatc 
cgtcgaaggtc 
gtactttaac 
^ggtggtgat 
catcaatttg 
gaatgatttg 
atataaacat 
etagageget 
cgttaaacat 
siatcatctgg 
aatgtctaga 
oataattcgt 
otttaagacg 
Qtctggtgac 
caccagtaag 
cfcatacagtg 
agcgtccacg 
gtagctgatc 
oaateggega 
Qttcaaaaag 
catctttttc 
agtaactgac 
gctgtcccgc 
-fccacattgga 



ategegaagt 
ttccatacct 
cttcactgct 
tttgattgtt 
gcgttctgtt 
tactcgaccg 
acgaaggaat 
gattccttca 
acgaatgatt 
accagcttct 
taaaacacgt 
tccttgaatc 
ttcaatgaca 
aatttgattg 
aggcaatcta 
accacgaatt 
gaagtaatcg 
atagttctca 
tcgctgttca 
gtcttcgagt 
aaagtgagat 
tgcatctact 
ttcatctctt 
ttgaaaatct 
aeggctaatt 
acctaagcca 
cgcagcagta 
gatatatgtg 
aaaatattct 
taaegtctta 
tacggtaaaa 



tc<agcagcac 
tcaatgaata 
tc-tctttcat 
tt-tggcgtaa 
tccfccaatag 
tt-ttcattac 
cc-ttctttgt 
cgsagtaagt 
tccjattcgct 
ttcjagatagt 
tc^atttttct 
gga.cggattt 
tc-tggatttt 
at-atgettet 
aa<gccatgat 
tgeggcateg 
ag-taacgtgt 
ataccagagc 
ag<gcgctgag 
tcaigctttta 
gcogggaaaa 
tctctaattc 
gaagctggga 
atatcatttc 
tcoatgccaa 
tacfatacacg 
gcaigagtgac 
tcs.ctttgcg 
acagegttat 
tt^rtgageca 
gt-fcttccctg 



gttcgaaatc 
catcgcgttc 
ctgeggcaga 
tgccgtgttt 
aattgegcat 
gagcagctcg 
ccgcatctaa 
taattccaac 
egagegtett 
tggttaaatc 
cgacgcgatc 
ctacgattgg 
tttctaattc 
caaattcttc 
caactagcat 
taacgtgtga 
atggtgtaac 
aatageccat 
cttctagcaa 
tattaacaat 
tggaaacatg 
gttcaatttc 
aaatttcgac 
gatcatattg 
cacgaagega 
atacactcgc 
gaagcttatc 
gaacataggc 
ttgggaaaaa 
tgacaagtgt 
taccggttgc 



«50 

3.20 

3.80 

240 

300 

360 

-420 

-480 

540 

eoo 

<560 

-720 

-780 

S40 

900 

960 

3.020 

3.080 

3_140 

3.200 

3.260 

3-320 

3.380 

3.440 

3.500 

3.560 

3.620 

1680 

3.740 

3.800 

3.860 



accaagtaaa gtttggtgtt 
tctaggttgg tctccttgtg 
gcrattccccc t 

<210> 7 
<211> 26 



-teaagecttt ttttaatccc gesactaatt gttctatege 3_920 
ggctatactt agaaactaac tcsiaatttat ccttcaactc 3.980 

X991 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 7 

gcaagtatac agttaagttt gtaacg .26 

<210> 8 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 8 

ctttccgaag tggaacjaaag catg 24 

<210> 9 
<211> 6654 
<212> DNA 

<213> Listeria monocytogenes 



<400> 9 

gcaagtatac 

cttcatctac 

attctttgaa 

attcaatatt 

tgaaatcacg 

taaatgcact 

tattgcgcat 

tttcatgatt 

gatttccttg 

cttcgatttg 

ttttaccttc 

taccttgttt 

ataatttagg 

ctatgactct 

gtttggactt 

aagcgggatt 

tcgcgttcta 

ttttcaggtg 

tcaatcaagt 

tcgccattct 

tggagtccgg 

agttccgaag 

ccaagtcgaa 

ggttggttgg 

tttttgcctt 

tcacagggta 

ttacacgcct 

cgaactttgg 

taagtagctg 

ttttctaggt 

tttagttttc 

cctgaaactc 

agattatttg 

gcagggactg 



agttaagttt 
acgtaaagtc 
tagtttaatc 
accattagca 
ttcgattttc 
atttaggaaa 
ggagtcttca 
ttctggagtc 
attgttccaa 
ttcttottct 
ttttttggaa 
tactaattcg 
ctaaactatt 
attatcjaagg 
tgggtggttt 
ttgattattt 
aaattcjgttt 
tgccgcjttgc 
aatcacjcttg 
cttctacaag 
tagttggttc 
ctagtttgac 
tatagccaag 
tgaaatattc 
tataaogaat 
catatacatc 
cgcaaoggcc 
cttcafctagt 
gattcgatct 
tttcgatgcc 
tcgctaacgc 
cagttacaca 
ctttagcacc 
gaataaattt 



gtaacgattt 
gttttatcaa 
atcgcgtgaa 
atttcgaatt 
gttgaagtta 
gaaccgattt 
cgatctttag 
ggttctgggc 
cctttactgt 
ctcggagctg 
atattttcaa 
agaatacgtt 
ttaggcttgc 
aaaatataat 
ggtcttaaga 
tttcttagct 
caagtattta 
aataatttga 
tttgataacg 
tctttgtaat 
atccagaata 
gcgctgcgct 
accaacatct 
tagtccttcc 
atctaacgtc 
aggcaagaaa 
accttttacg 
acttgcgaaa 
cggtgttctt 
ttttatttct 
ttttcgcagt 
ggaaaaagta 
aataatttct 
tttacctgaa 



gttttgattt 
agaagatttt. 
ctttgatatc 
ctaaaataga. 
agaacgggaa 
tttcaccagc 
aagaattttc 
gtcttttacg- 
aatcatatga 
cagatcgacgr 
gtagagtaag" 
tacgttcatt 
tttcacatgc 
ttctgtcata 
atcacgaaaa 
gttgcaattc 
cctgtataag- 
ccgccaccat 
tcaagattat 
actttgagta 
tagaaagatt. 
tcaccacctg- 
acaattgttt 
tctacagtca 
tcaccattgt 
tgcatttcaa 
ttaaaactaa 
aggtcacgaa 
ccgattggtgr 
ttgtgttcac 
acttcattca 
gctagtggaa 
aattctagtc 
agatagtcac 



agactcaaaa 
aagtgcttca 
gttcgaatcg 
aagtgttgtg 
tggcatatct 
ttgggataaa 
gccgccttct 
actttttgga 
tggttcttct 
aatattttct 
ggcttcttca 
ttccattttc 
aagtgacata 
caaccagagg 
atcccgctta 
gttcttccgt 
atttttttga 
cgccaccttc 
gctcaataac 
aacgaccaat 
ttccgttact 
aaagcgtagt 
gaagtttacg 
tttctaatac 
atcgttttcc 
ttttgatgat 
agcgaccttt 
tatcatcgaa 
attggtcaat 
ctggttttgc 
ctaacgaact 
tttttgcatt 
cgttaccttt 
cagtgatgga 



cgtaaagttt 
tcttctggat 
gatggtttaa 
tcatgataaa 
ttcacttgtt 
tcattaacca 
tcttcatctc 
ggtgtataag 
tttgtttctt 
tttgctgctg 
gtggatataa 
atttcctcct 
tctgttttat 
atgattattt 
tattttgaat 
gcgttcttta 
gcgagcgatt 
tggacctaaa 
aagtactgta 
atcatctgcg 
acgtttatga 
tgcaggttgt 
cgcaattctt 
ttcagcaata 
atgacaaact 
tccgtcgcct 
tttataacca 
agctcctgta 
attgataatt 
gtggtttcta 
tttacctgaa 
tacgtttttg 
tctacgttta 
atttttatta 



€0 

a20 

3.80 
240 
300 
360 
-320 
-480 
540 
€00 
€60 
120 
-780 
€40 
300 
360 
3.020 

ao80 

=1140 
3.200 
□.260 
3.320 
3.380 
3.440 
3.500 
3.560 
11620 
0.680 
3.740 
3.800 
3L860 
3L920 
3L980 
2040 
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ttggcaactt 

ggaccaatat 

ataagcgtgt 

cgttgatgaa 

ccgatttgtg 

cggctcattg 

tctttgaaaa 

aaagcaagtg 

ttaacggaaa 

gtcatatatt 

tcgatatttg 

tttttgtatt 

tctttggata 

gctagcattt 

tttagagaca 

agtccatcac 

aattcaccaa 

ttatccccca 

gaatcataca 

atagaatgct 

tcaacacgaa 

ccttttttac 

agaacacgat 

caaaccggat 

gtcccaacag 

cttaatcctt 

tatgcggaca 

agcgaagatt 

tctacatcaa 

tccaatttcg 

acgttcgaaa 

tacatcgcgt 

atctgcggca 

aatgccgtgt 

agaattgcgc 

acgagcagct 

gtccgcatct 

gttaattcca 

ctcgagcgtc 

gttggttaaa 

ctcgacgcga 

ttctacgatt 

tttttctaat 

ctcaaattct 

atcaactagc 

cgtaacgtgt 

gtatggtgta 

gcaatagccc 

agcttctagc 

tatattaaca 

aatggaaaca 

tcgttcaatt 

gaaaatttcg 

tcgatcatat 

aacacgaagc 

cgatacactc 

acgaagctta 

cggaacatag 

atttgggaaa 

catgacaagt 

tgtaccggtt 



cttctggtgt 

caataagata 

-ttccaatgtc 

gaccgatgga 

tagcaagtcg 

ttaggtagtc 

-ttggcgctgc 

cttcattaat 

gtgtttcttc 

gcgccatttg 

gaagtatccc 

cgaagtagaa 

gcttctcaag 

gcgggtagta 

tacttctatc 

atgtggggca 

cggaaaaacc 

ttatatcaac 

gacgagtatt 

ttttgttttt 

ttcgaacata 

cagaaacgat 

ctaccatttg 

gcccaacacg 

tggaacgtgg 

caattaaatc 

aagactctac 

tacctgaacc 

tgttttttaa 

cttcatcctt 

tcaagtgctt 

tctttcttag 

gaagtcgctg 

ttttcattat 

atcgaatcgg 

cgacccattg 

aaaatagcga 

acgataacat 

ttcacttccg 

tcctcggaca 

tcgttaatct 

gggtctagca 

tcgtaagggc 

tctaaacgaa 

atttgttttc 

gactcatcaa 

actcccgctg 

atttcttcca 

aatttattat 

attgcttttt 

tgttctcttt 

tcatcaccga 

acaacatcac 

tgaatatcta 

gaaacgagca 

gcaatgataa 

tcgatttcat 

gcttctggtt 

aactctttaa 

gtcggcttat 

gcaccaagta 



tccggctgca 

atctgcggcc 

acgcatactt 

aggttcatct 

aattcgttgc 

gagcccaaca 

aatttgtgtt 

agaaaactca 

ttttagacga 

atcgcgtgtg 

ttcaaacgga 

ttctttatct 

aggtgtatcc 

ctgtgaacta 

aggaataacc 

agcgccaaat 

acaataaggg 

aaccgcataa 

gatgccctct 

ctcaatttca 

tccttctttt 

tggagccatt 

ttcgattgtt 

agcataaagt 

attacggctt 

cacatctggt 

ataacgtctt 

tgaaagccca 

gttatgggct 

ccgcttttat 

tagctgcttc 

acattttgct 

cgatgatacc 

attcaatttg 

tcattttatc 

tttgaattaa 

caagagatac 

catacacacc 

agtggagata 

tttttttcgt 

catccattaa 

agccagttgg 

ctggtgtagc 

gcggcctatt 

tggcttggtc 

ttaccatttg 

gacgaaggga 

tcatttccaa 

ctgcacgtaa 

tcataatatc 

ctcctataat 

aaaattcaat 

cgcgaacacg 

ctaatttgcg 

tctctccata 

ttacatcgcg 

cattgatact 

gatagtaatc 

actcgctata 

ttacttcttg 

aagtttggtg 



acaattcgtc 

at catcgtat 

tggagtgtgc 

aaaatataaa 

gcttcgccac 

tfttttaaga 

tc-fcttttcag 

ct gatttgcc 

tagcctttac 

aaatcggaat 

at ccacgttt 

tftgatccat 

atatctattc 

attgggcgcc 

gt gtcgacat 

gggctgttga 

cacgcatagt 

ccatcagcta 

tt aatcacaa 

atttcgtcat 

tt gatttcct 

at ttgaatac 

tgagaagtga 

aagcgcaaat 

gttgtttttt 

ttatccattt 

tgtccttctg 

gt cataacta 

cttgcaccct 

tt ccagtaaa 

tt tcatttca 

taaatcatgt 

acgaatttct 

gattttacga 

agcatacatg 

ggaacgctcg 

tt caggtaaa 

aagtcgaagg 

ct gtacttta 

ta aggtggtg 

gt catcaatt 

tcgaatgatt 

gg-atataaac 

at ctagagcg 

cc cgttaaac 

gaaatcatct 

taaatgtcta 

at cataattc 

aactttaaga 

ag-gtctggtg 

ttcaccagta 

co-gcatacag 

gaagcgtcca 

cagtagctga 

ttcaatcggc 

acgttcaaaa 

tg-catctttt 

atagtaactg 

cagctgtccc 

aatcacattg 

ttitcaagcct 



cgccgtgttc 
cttcgtcatg 
tgattaaacg 
gtacaccagt 
cagaaagcgt 
agcctagtct 
atagttctaa 
caatatgatg 
aagatggaca 
ttgtttcacg 
cgcgtgtcat 
ttaaaataat 
caaattcttt 
aaggaataat 
cgacttcaag 
aagagaacat 
gttcactaaa 
aacgaagagc 
tgcgatcaat 
tgatatcata 
caatagtttt 
gtgttttttc 
tttcaatacc 
agtcatggat 
gatcaatcga 
gccctaaaaa 
cataaatcgt 
ctaatttgtc 
gaattactat 
gcatcgcgaa 
tgttccatac 
tgcttcactg 
tttttgattg 
cggcgttctg 
attactcgac 
gaacgaagga 
tcgattcctt 
tcacgaatga 
acaccagctt 
attaaaacac 
tgtccttgaa 
tgttcaatga 
ataatttgat 
ctaggcaatc 
ataccacgaa 
gggaagtaat 
gaatagttct 
gttcgctgtt 
cggtcttcga 
acaaagtgag 
agtgcatcta 
tgttcatctc 
cgttgaaaat 
tcacggctaa 
gaacctaagc 
agcgcagcag 
tcgatatatg 
acaaaatatt 
gctaacgtct 
gatacggtaa 
ttttttaatc 



tcctgcacct 
ctcaacgaca 
atcattatct 
aagtctggaa 
ccoagctgca 
agcacgaact 
gcoatcgaag 
gtcgtttact 
tgcgtaaatca 
at^gcgacgt 
acogaaatca 
atctaattct 
acaggcagaa 
agcaccttca 
tttagtccca 
tcttggttct 
taataattct 
agottcaatg 
aatgatttca 
aatttctcca 
ctfcatgtgtc 
tgggtattct 
gtgatttgga 
ttctgtaact 
aatggcaggg 
ttggcgtgca 
atcaaaagca 
tcfcaggaatc 
tttctcttta 
gttcagcagc 
cttcaatgaa 
cttctctttc 
tt-fcttggcgt 
tttcgccaat 
cgttttcatt 
atccttcttt 
cacgaagtaa 
tttcgattcg 
ctttgagata 
gttcattttt 
tccfgacggat 
catctggatt 
tgstatgctt 
taaagccatg 
tttgcggcat 
cgsgtaacgt 
caataccaga 
caaggcgctg 
gttcagcttt 
atgccgggaa 
cttctctaat 
ttgaagctgg 
ctstatcatt 
tttccatgcc 
catagataca 
tacfcagagtg 
tg-fccactttg 
ctacagcgtt 
ta-fctgtgagc 
aagttttccc 
ccgcaactaa 



2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

4500 

4560 

4620 

4680- 

4740 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

5460 

5520 

5580 

5640 

5700 
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ttgttctato 
atccttcaac 
tgtttgtaaa 
tttatcataa 
aaataaaaaa 
tacctatata 
acgttgcaag 
aactcgtata. 
cataacgatt. 
cagatataat 
ggtcgttatt 
catatctggt 
aatggttgca 
aatttcgcca 
ttccaacgta 
tggaatttco 



gctctaggtt 
tcggattccc 
aggtctagca 
atattttaat 
cgcaacctgt 
tttgctttgt 
cacaaaacca 
acctaacttg 
ataagtgatt 
ttgatccatc 
tccgttgtaa 
aaaatttctt 
agtgcctcac 
aaggattcat 
ctgtccttac 
cgttcaataa 



ggtctccttg 
cctattctgt 
aagcaaaaag 
tagcctagca 
tgattacgct 
taaaaatcac 
atggtcatcg 
gcagaagcag 
ctcgcaaaaa 
ttacgttcct 
gctgtggtaa 
ttaaaaagta 
tatagatttc 
ataacaaatc 
cttcttttag 
agttttttgt 



fcgggctatac 
a.tctgtccga 
oggatttttc 
aaaaccgaac 
tttctttatt 
tgccactctt 
aaaaagcatc 
oaatcaaaat 
gaataacaag 
cccccttttt 
ttctgttttt 
c-ttaacgctc 
cacaaaaata 
tactttatca 
oaaatgacga 
catgctttct 



ttagaaacta 
ttctggtatc 
agatccgtta 
atattttcgc 
ttatcacttt 
ctttaaacgt 
aataataatt 
caccatcaaa 
gaggcaaggg 
tatgcgtctc 
tcgatacctt 
gccatttctc 
ttttctggat 
gaaattgcga 
taaatcggct 
tccacttcgg 



actcaeiattt 
tgaaaagctt 
atgtttctat 
atttgfctgaa- 
tacgcttttc 
cgcagcatat 
agccaoatag 
agcaacjccga 
aaaataagcg 
gtaatg-cttt 
tttcagcaag 
ggtactcata 
ttcctttttg. 
ggattttccc 
ggtacgtttc 
aaag 



5760 
5820 
5880 
5940 
6000 
6060 
6120 
6180 
6240 
6300 
6360 
6420 
6480 
6540 
6600 
6654 



<210> 10 
<211> 4612 
<212> DNA 

<213> Listeria monocytogenes 



<400> 10 

ccggttgcaa 

tcagcttgtt 

tctacaagtc 

gttggttcat 

agtttgacgc 

tagccaagac 

aaatattcta 

taacgaatat 

tatacatcag 

caacggccac 

tcattagtac 

ttcgatctcg 

tcgatgcctt 

gctaacgctt 

gttacacagg 

ttagcaccaa 

ataaattttt 

tctggtgttc 

ataagataat 

ccaatgtcac 

ccgatggaag 

gcaagtcgaa. 

aggtagtcga 

ggcgctgcaa 

tcattaatag 

gtttcttctt 

gccatttgat 

agtatccctt 

aagtagaatt 

ttctcaagag 

gggtagtact 

cttctatcag 

gtggggcaag 

gaaaaaccac 

atatcaacaa 



taatttgacc 
tgataacgtc 
tttgtaatac 
ccagaatata 
gctgcgcttc 
caacatctac 
gtccttcctc 
ctaacgtctc 
gcaagaaatg 
cttttacgtt 
ttgcgaaaag 
gtgttcttcc 
ttatttcttt 
ttcgcagtac 
aaaaagtagc 
taatttctaa 
tacctgaaag 
cggctgcaac 
ctgcggccat 
gcatactttg 
gttcatctaa 
ttcgttgcgc 
gcccaacatt 
tttgtgtttc 
aaaactcact 
ttagacgata 
cgcgtgtgaa 
caaacggaat 
ctttatcttt 
gtgtatccat 
gtgaactaat 
gaataaccgt 
cgccaaatgg 
aataagggca 
ccgcataacc 



gccaccatcg 
aagattatgc 
tttgagtaaa 
gaaagatttt 
accacctgaa 
aattgtttga 
tacagtcatt 
accattgtat 
catttcaatt 
aaaactaaag 
gtcacgaata 
gattggtgat 
gtgttcacct 
ttcattcact 
tagtggaatt 
ttctagtccg 
atagtcacca 
aattcgtccg 
catcgtatct 
gagtgtgctg 
aatataaagt 
ttcgccacca 
ttttaagaag 
tttttcagat 
gatttgccca 
gcctttacaa 
atcggaattt 
ccacgtttcg 
tgatccattt 
atctattcca 
tgggcgccaa 
gtcgacatcg 
gctgttgaaa 
cgcatagtgt 
atcagctaaa 



c caccttctg 
t caataacaa 
cgaccaatat 
c cgttactac 
a gcgtagttg 
agtttacgcg 
t ctaatactt 
cgttttccat 
t "tgatgattc 
cgaccttttt 
t catcgaaag 
t. ggtcaatat 
ggttttgcgt 
aacgaacttt 
t-ttgcattta 
t "taccttttc 
g--tgatggaat 
ccgtgttctc 
t cgtcatgct 
a-ttaaacgat 
acaccagtaa 
g-aaagcgtcc 
c ctagtctag 
agttctaagc 
a-tatgatggt 
gatggacatg 
g-tttcacgat 
cgtgtcatac 
aaaataatat 
aattctttac 
ggaataatag 
acttcaagtt 
gagaacattc 
t cactaaata 
cgaagagcag 



gacctaaatc 
gtactgtatc 
catctgcgtg 
gtttatgaag 
caggttgtcc 
caattcttgg 
cagcaatatt 
gacaaacttc 
cgtcgccttt 
tataaccacg 
ctcctgtata 
tgataatttt 
ggtttctatt 
tacctgaacc 
cgtttttgag 
tacgtttagc 
ttttattatt 
ctgcacctgg 
caacgacaat 
cattatctcg 
gtctggaacc 
cagctgcacg 
cacgaacttc 
catcgaagaa 
cgtttacttt 
gtaaatcagt 
agcgacgttc 
cgaaatcatt 
ctaattcttc 
aggcagaagc 
caccttcatt 
tagtcccaag 
ttggttctaa 
ataattcttt 
cttcaatgga 



aatcaa~gtaa 
gccatt ctct 
gagtccggta 
ttccgaagct 
aagtcgraata 
ttggtt ggtg 
tttgcottta 
acagggrtaca 
acacgcctcg 
aacttt ggct 
agtagctgga. 
ttctag-gttt 
tagttt tctc 
tgaaactcca 
attatt tgct 
agggactgga 
ggcaacttct 
accaat atca 
aagcgt gttt 
ttgatgaaga 
gatttgtgta 
gctcat tgtt 
tttgaaaatt 
agcaagtgct 
aacggaaagt 
catatattgc 
gatatttgga 
tttgtattcg 
tttggatagc 
tagcat. ttgc 
tagagacata 
tccatcacat 
ttcaccaacg 
atcccc catt 
atcata caga 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 
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cgagtattga tgccctcttt aatcacaatg cgatcaataa tgattfccaat agaatgcttt 21 60 

ttcjtttttct caatttcaat ttcgtcattg atatcataaa tttctcrcatc aacacgaatt 2220 

cgaacatatc cttctttttt gatttcctca atagttttct tatgtg-tccc ttttttacca 2280 

gaaacgattg gagccattat ttgaatacgt gttttttctg ggtattctag aacacgatct 2340 

accatttgtt cgattgtttg agaagtgatt tcaataccgt gatttg-gaca aaccggatgc 24 OO 

ccaacacgag cataaagtaa gcgcaaatag tcatggattt ctgtaa.ctgt cccaacagtg 24 60 

gaacgtggat tacggcttgt tgttttttga tcaatcgaaa tggcag-ggct taatccttca 2520 

attaaatcca catctggttt atccatttgc cctaaaaatt ggcgtg-cata tgcggacaaa 2580 

gactctacat aacgtctttg tccttctgca taaatcgtat caaaag-caag cgaagattta 2640 

cctgaacctg aaagcccagt cataactact aatttgtctc taggaatctc tacatcaatg 270D 

ttfctttaagt tatgggctct tgcaccctga attactattt tctctttatc caatttcgct 2760 



tcatccttcc 
aagtgcttta 
tttcttagac 
agfccgctgcg 
ttcattatat 
cgaateggtc 
acccattgtt 
aatagcgaca 
gafcaacatca 
cacttccgag 
ctcggacatt 
gttaatctca 
gtctagcaag 
gtaagggcct 
taaacgaagc 
ttgttttctg 
ctcatcaatt 
tcccgctgga 
ttcttccatc 
tttattatct 
tgcttttttc 
ttctctttct 
atcaccgaaa 
aacatcaccg 
aafcatctact 
aacgagcatc 
aatgataatt 
gatttcatca 
ttctggttga 
ctctttaaac 
cggcttattt 



gcttttattt 
gctgcttctt 
attttgctta 
atgataccac 
tcaatttgga 
attttatcag 
tgaattaagg 
agagatactt 
tacacaccaa 
tggagatact 
tttttcgtta 
tccattaagt 
ccagttggtc 
ggtgtagcgg 
ggcctattat 
gcttggtccc 
accatttgga 
cgaagggata 
atttccaaat 
gcacgtaaaa 
ataatatcag 
cctataattt 
aattcaatcc 
cgaacacgga 
aatttgcgca 
tctccatatt 
acatcgcgac 
ttgatacttg 
tagtaatcat 
tcgctataca 
acttcttgaa 



ccagtaaagc 
tcatttcatg 
aatcatgttg 
gaatttcttt 
tt ttacgacg 
catacatgat 
aacgctcgga 
caggtaaatc 
gt cgaaggtc 
gt actttaac 
aggtggtgat 
catcaatttg 
gaatgatttg 
atataaacat 
ct agagcgct 
cgttaaacat 
aa-tcatctgg 
aatgtctaga 
cataattcgt 
ct-btaagacg 
gtctggtgac 
caccagtaag 
gcatacagtg 
agcgtccacg 
gtagctgatc 
caatcggcga 
gtticaa'aaag 
catctttttc 
agtaactgac 
gctgtcccgc 
tcacattgga 



atcgcgaagt 
ttccatacct 
cttcactgct 
tttgattgtt 
gcgttctgtt 
tactcgaccg 
acgaaggaat 
gattccttca 
acgaatgatt 
accagcttct 
taaaacacgt 
tccttgaatc 
ttcaatgaca 
aatttgattg 
aggcaatcta 
accacgaatt 
gaagtaatcg 
atagttctca 
tcgctgttca 
gtcttcgagt 
aaagtgagat 
tgcatctact 
ttcatctctt 
ttgaaaatct 
acggctaatt 
acctaagcca 
cgcagcagta 
gatatatgtg 
aaaatattct 
taacgtctta 
tacggtaaaa 



tcagcagcac 
tcaatgaata 
tctctt teat 
tttggcgtaa 
tegeca atag 
ttttcattac 
ccttct ttgt 
cgaagt aagt 
tcgatt cget 
ttgagatagt 
tcattt ttct 
ggaegg attt 
tctgga tttt 
atatgettet 
aageca tgat 
tgeggcateg 
agtaacgtgt 
atacca gage 
aggegc-tgag 
tcagct"ttta 
geegggaaaa 
tctctaattc 
gaagct ggga 
atatca-tttc 
tccatgccaa 
tagataoacg 
gcagag-tgac 
teactt-tgeg 
acagcg"ttat 
ttgtgagcca 
gtttfcccctg 



gttcgaaatc 
catcgcgttc 
ctgeggcaga 
tgccgtgttt 
aattgegcat 
gagcagctcg 
ccgcatctaa 
taattccaac 
egagegtett 
tggttaaatc 
cgacgcgatc 
ctacgattgg 
tttctaattc 
caaattcttc 
caactagcat 
taacgtgtga 
atggtgtaac 
aatageccat 
cttctagcaa 
tattaacaat 
tggaaacatg 
gttcaatttc 
aaatttcgac 
gatcatattg. 
cacgaagega 
atacactcgc 
gaagcttatc 
gaacataggc- 
ttgggaaaaa 
tgacaagtgt 
ta 



2820 
288D 
2940 
3000 
306O 

312a 

3180 
324Q 
3300 
3360 

342a 

3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4612 



<2X0> 11 
<211> 2042 
<23_2> DNA 

<23L3> Listeria monocytogenes 



<4O0> 11 

gcaagtatac agttaagttt 
cttcatctac aegtaaagtc 
attctttgaa tagtttaatc 
attcaatatt accattagca 
tgaaatcacg ttcgattttc 
taaatgeact atttaggaaa 
tattgegcat ggagtcttca 
tttcatgatt ttctggagtc 
gafcttccttg attgttccaa 



gtaacgattt gttttgattt 
gt-tttatcaa agaagatttt 
atogcgtgaa ctttgatatc 
at-ttcgaatt ctaaaataga 
gt-tgaagtta agaaegggaa 
gaaccgattt tttcaccagc 
cgatctttag aagaattttc 
gg-ttctgggc gtcttttacg 
cc-tttactgt aatcatatga 



agactcaaaa cgtaaagttt 60 

aagtgcttca tcttctggat 120 

gttcgastcg gatggtttaa 180 

aagtgt-fcgtg tcatgataaa 240 

tggcatatct ttcacttgtt 300 

ttggga-fcaaa tcattaacca 360 

gccgcc-fctct tcttcatctc 420 

acttttt:gga ggtgtataag 480 

tggttc-fctct tttgtttctt 540 
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ctztcgatttg ttcttcttct cfccggagctg 
ttttaccttc ttttttggaa atattttcaa 
taccttgttt tactaattcg agaatacgtt 
ataatttagg ctaaactatt ttaggcttgc 
c-tatgactct attatgaagg aaaatataat 
gtttggactt tgggtggttt gg-tcttaaga 
aagcgggatt ttgattattt tttcttagct 
tcgcgttcta aaattggttt caagtattta 
ttttcaggtg tgccggttgc accaagtaaa 
gcaactaatt gttctatcgc totaggttgg 
tcaaatttat ccttcaactc ggattccccc 
aaaagctttg tttgtaaaag gtctagcaaa 
gtttctattt tatcataaat attttaatta 
ttgttgaaaa ataaaaaacg caacctgttg 
cgcttttcta cctatatatt tgctttgtta 
oagcatatac gttgcaagca caaaaccaat 
ccacatagaa ctcgtataac ctaacttggc 
caagccgaca taacgattat aagtgattct 
aataagcgca gatataattt gatccatctt 
aatgctttgg tcgttatttc cgttgtaagc 
tcagcaagca tatctggtaa aatttctttt 
tactcataaa tggttgcaag tgcctcacta 
cctttttgaa tttcgccaaa ggattcatat 
attttccctt ccaacgtact gtccttacct 
fcacgtttctg gaatttcccg ttcaataaag 
ag 

<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 



cagatcgacg aata-ttttct tttgctgctg 60 0 
gtagagtaag ggcfctcttca gtggatataa 6S 0 
tacgttcatt ttccattttc atttcctcct 72 0 
tttcacatgc aagtgacata tctgttttat 78 0 
ttctgtcata caaocagagg atgattattt 84 0 
atcacgaaaa atcccgctta tattttgaat 90 0 
gttgcaattc gttottccgt gcgttcttta 9£ 0 
cctgtataag atttttttga gcgagcgatt 10 20 
gtttggtgtt tcaagccttt ttttaatccc 10 80 
tctccttgtg ggctatactt agaaactaac 11 40 
tattctgtat ctgfcccgatt ctggtatctg 12 00 
gcaaaaagcg gatttttcag atccgttaat 12 60 
gcctagcaaa aaccgaacat attttcgcat 13 20 
attacgcttt tctttatttt atcactttta 13 80 
aaaatcactg ccactcttct ttaaacgtcg 14 40 
ggtcatcgaa aaacjcatcaa taataattag 15 00 
agaagcagca atcaaaatca ccatcaaaag 15 60 
cgcaaaaaga ataacaagga ggcaagggaa- 16 20 
acgttcctcc ccct-ttttta tgcgtctcgt 16 80 
tgtggtaatt ctgttttttc gatacctttt 17 40 
aaaaagtact taaogctcgc catttctcgg 18 00 
tagatttcca caaaaatatt ttctggattt 18 60 
aacaaatcta ctttatcaga aattgcgagg 19 20 
tcttttagca aatgacgata aatcggctgg 19 80 
ttttttgtca tgctttcttc cacttcggaa 20 40 

20 42 



<r220> 

<223> PCR Primer 



<400> 12 

ctctggtacc tcctttgatt agtatattc 29 

<210> 13 
<211> 32 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> PCR Primer 



<400> 13 

ctcctcgaga tccgcgtgtt tcttttcgat tg 32 

<210> 14 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> PCR Primer 



<400> 14 

ctcctcgagt ccatgggggg ttctcatcat c 31 
<210> 15 
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<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 15 

ctcctcgagt gcggccgcaa gctt 24 

<210> 16 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 16 

gtcaaaacat acgctcttat c 21 

<210> 17 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 17 

acataatcag tcoaaagtag atgc t 24 

<210> 18 
<211> 2762 
<212> DNA 

<213> Bacillus anthracis 



<400> 18 

actacttgct 

ccaaggtcaa 

accgtctcac 

gcatgtaaac 

tgtaattcag 

tgccctaatt 

tttgggatat 

atgtttttat 

acttcacacg 

ccacggcacg 

ccgcgcactt 

gtataggttg 

actttatcta 

ttatataact 

gatccagata 

tttaagttat 

tcaagtggaa 



ctggcgttcc 
cgatataatc 
cgotctcaac 
cacftcgttgg 
aagctaattt 
tcatataacc 
tagcgaagaa 
ctttatattt 
gaacgtatac 
cttcacaacg 
tccjcttcatt 
ctggattaga 
aatgctcaag 
tttgcgctaa 
cacccgttac 
tctcttttgc 
ctggaataaa 



ggaagcaacg 
cgctgtttta 
aagacgttgc 
ctcgtctaaa 
cacacgctgt 
aagcccaacg 
ctctactccg 
cacttctaac 
gtctggtaag 
tccacctttt 
cgtttgcgca 
acgtggtgta 
acctttaatt 
cgatttatat 
cgctacaaac 
accgacaatc 
ctctttaccg 



attt gtccac 
attacatcta 
agcacttcta 
atgfc aitagtg 
gctt caccac 
tctacaagcg 
tcttcaatcg 
gtttcacggt 
aagtgcatct 
acgt*taaagc 
aacacatcac 
cgacogattg 
tctti:atgag 
agtacttcat 
gtacoaagcg 
tccactttac 
cttasatact 



ctttgtctcc 
aattatgttc 
gaagacgggc 
tacgtcctgt 
cagataaagt 
tttgaagttt 
tcatccctaa 
tgtaacgttt 
caattttaat 
tgaaacgccc 
gaatatcatc 
gcgattgatc 
tacctggctt 
taatcatcgt 
ggaatgacat 
gtccatcacc 
tacctgttag 



gccttctggt 
aatgjacaagt 
gatatcatgc 
agaacgacgg 
cgtgjgctggt 
acgfcttaatt 
cacttcagaa 
accgtgacaa 
aattccatca 
tttttgatat 
gaacracacct 
aatatcgata 
cgctzttcgct 
acttttacct 
cttczgcgttc 
tttatcgtctt 
tgaattctca 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 



tcttgcatca cttcagctgg tgtacccgct gatacaactt gtccaccgtg aataLCctgcg 1080 

ccaggcccga tatccagtaa ataatcagct gcca-fccatcg tatcttcatc atgctcaaca 1140 

acaattaacg tattacctaa atcacgcatt tcttgcaatg tacgaataag acga.tcgtta 1200 

tcgcgctgat gcaaaccgat agaaggctca tcaa<gaatgt aaagcacccc agta.agacgc 1260 
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gaaccaattt 
gcacgactta 
atttctctta 
aagaattcct 
acgaaaacag 
tctgccatat 
cgttcaatat 
tcatttacat 
aaatctttcg 
gattgtaaaa 
tcatttaatg 
ccaagcccat 
tctaattctc 
tcctcttctc 
agagaatcag 
tcaatagaat 
ccatcaacac 
gcacctttac 
tcaagtacac 
ggacaaattg 
accgttccaa 
ggagataagc 
gcatacgcag 
gctaatgagg 
atggttacat 
tt 



gcgttgctaa 
acgttaaata 
aaattaaatg 
gtacttcttg 
ctaaactttc 
acttttccat 
ttggaataac 
agcggaaata 
gtatatcttt 
gctgtgggta 
ataaatccca 
cacaagaagg 
caattgaaaa 
ccataacatc 
caagacggct 
gcttcttatt 
gtacacgaac 
gcccagaaac 
ggtctaccat 
gcgtaccaat 
cagttgaacg 
cttcaatcgt 
ataacgattc 
atttccctga 
caatattttt 



acgaatacgt 
atctaaacca 
ggcaattttt 
aacagaatac 
aggctttaag 
ttgctcacga 
accttcaaat 
aactttctct 
tacaggcaca 
atattgtgaa 
gttcggaata 
acatgcaccg 
accacaatgc 
gatfcaacact 
tgcgattcct 
tttatctaac 
ataaccttgc 
gataggagct 
ttgotctact 
tcgcgcaaat 
cggattacga 
atctacatcc 
tacgtatctg 
accagacaat 
taagttatgt 



tgcgcctcac 
acgtttacta 
tgttgtttct 
ttcgttacat 
cgtccgcctt 
atgtaatccg 
aaaatctcat 
tcaccgcttc 
tccatatcca 
cttgtcggtt 
acaagttcta 
aacggactat 
ggacaagcat 
cgtcccccgc 
tcttttacaa 
gcaatatctt 
ttcttaatat 
aacacttgta 
gtttgcgatg 
aataaacgta 
ctcgtcgttt 
ggcttatcca 
cgctgccctt 
cctgttacaa 
gctctagcac 



caccagataa 
agaacccaac 
ct gttagctc 
ca gcaatcgt 
ta cacttcgg 
aactcgtctc 
tt tcctttac 
eg tacaacac 
eg ccataatg 
cccaaggcgc 
aatctacctc 
tgaatgagaa 
ga tgttcact 
ca agctttaa 
ca ataeggtc 
ca gacacatc 
ct tcaagtac 
at ttcgtacg 
ta atttcaat 
ag taatcata 
tt tgatcgat 
tt tgccctaa 
ct gcataaat 
cgacaagttg 
ct tttacaac 



agttcctgcg 
gcgctcttga 
cacatttgag 
ttttccgcca 
acaagcttgt 
acgataacga 
ttgaccaaat 
tttatcaaat 
attacataca 
aatcgcatgc 
taactttgag 
catacgcggc 
aaatagaagc 
tgeactttea 
aattacaact 
gagcatttca 
ttttacatgt 
ttcagggtac 
gecatgatte 
aatctccgtt 
tgaaatcget 
aaactggcgt 
cgtatcaaat 
atttctegga 
gataaaatcc 



1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
•2460 
2520 
2580 
2640 
2700 
2760 
2762 



<2X0> 19 
<211> 1908 
<212> DNA 

<213> Bacillus anthracis 



<400> 19 

tgettttget 

ttt egtcate 

tgeaeggatt 

attgtaagct 

tct cgttata 

aattgtttga 

agctacaagg 

aacatcaaac 

ttcagaatgc 

tgacatcttc 

aatctctcct 

taaaagcect 

cggtcctggc 

tgtgagcggt 

tttacgeget 

atccataacg 

cgctggacga 

gegcatcatt 

acegttatea 

gaccttcatc 

aegttctget 

gecaaaaaac 

atctccgcgc 

atcaacaagt 

aactaactcg 

aataattaca 

ttcatcatta 



gcttctttca 
ttcttagctg 
acatcacgca 
tcttgtatac 
egatctgegt 
attaacgaac 
gatacttctg 
ttaccaaggc 
agataattca 
ttcgttaaag 
aatagatcgt 
gttggacgaa 
gttgctgaaa 
ctattatcta 
tggtccccgt 
attaagaaat 
agtgttaaat 
tctaaatcat 
tttaattcct 
ttttcttcac 
aatacttctc 
tcaattcgaa 
aegeggaatg 
tcacgaagca 
eggtattett 
tcatcccgtt 
atetgegegt 



tttctgette 
gcgtcgcttc 
cacctttttg 
tacgacgacg 
acataataac 
gctctgaacg 
gaatatctaa 
gaacjatctcg 
ccttaattcc 
ttgtaattaa 
caatctgccc 
taatttgttc 
cgtaaataac 
aagotgatgg 
tatacatege 
etttegggaa 
gaegggaata 
aacgtgtacg 
ttaaacgetc 
gtgtaacgaa 
ccgttaaagc 
tgeaatgetc 
tacoacgett 
attgattgeg 
ctggagaacc 
caaataatgc 
ctttttcaat 



catcttcgca 
atatgtttcc 
aatcgttttc 
cttcgtctct 
gcgaccgttt 
caagaatcct 
tccttctcgc 
tataatttca 
tacatctttt 
tacaegttea 
ttcaattggt 
tattacttct 
ttgattcgtt 
cagaeggaat 
tettacttge 
atagtctaat 
gttttcaatc 
ctgttctata 
ttctaattct 
gtgagatget 
atttacttcg 
gtcaagtgat 
gaaatcaata 
gtccttttcc 
taaaccatat 
ggacgttgct 
aaaegtatet 



at tgtctttt 
gg ctcttcag 
ggegtaatae 
tc aatcgcaa 
tc attaegtg 
tc ettategg 
aataagttaa 
at aegttcta 
aa gtagtctg 
tt ttttgcaa 
cg-tatatcaa 
gg ogactget 
tt otcttcaa 
ccatgatcca 
gg cactgata 
aa ogtatacg 
cc-tgaacaaa 
cgctgcgctt 
tt-ttcgatat 
gggaagattg 
cgaatacgat 
gc egggaaga 
teattaegtc 
ataccaactc 
at acacgaaa 
ga gtgacgea 
gt-ttgtggca 



cacgctcttt 60 

cagctgtcgt 120 

catgctcttc 180 

tccccatcga 240 

ctgcacggcc 300 

catctaaaat 360 

taccaacgag 420 

aegttttcac 480 

ttaaatcctc 540 

tgcgatcttg 600 

ttggcggatc 660 

ctaattcata 720 

actcatcaaa 780 

caagcacttg 840 

cgtgggactc 900 

gcgttgcacc 960 

agcccatctc 1020 

ctaacaactt 1080 

tttcaatagc 1140 

ctacatgatc 1200 

caatttcatc 1260 

tttcaactac 1320 

catactgcac 1380 

gaagtgaaac 1440 

cactcgcaac 1500 

atttatcgat 1560 

catacgcttc 1620 
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tggctgataa taatcgtaat aactaacaaa atattcaact gcaittattcg ggaaaaagtc L680 

tttcaactca ctatataact gtcctgctaa cgttttattg tgagccatga caagcgttgg 1.740 

cttttgcact tctttaatga ca-tttgaaat cgtaaatgtc ttsacccgttc ctgtcgcccc L800 

aagcaacact tgctttttct ttccactatt aattccctct acaagcttct ctatagctac 0.860 

cggctgatca ccttgcgggg aa-tacgctga gacaatttca aafctgacg IL908 

<210> 20 
<211> 9 
<212> PRT 
<213> Murine 



<400> 20 

Ser Pro Ser Tyr Val Tyr His Gin Phe 
1 5 



<210> 21 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 21 

Ser Pro Ser Tyr Ala Tyr His Gin Phe 
1 5 



<210> 22 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 22 

gttaagtttc atgtggacgg caaag 2 5 

<210> 23 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 23 

aggtcttttt cagttaacta tcctctcctt gattctagtt at 4 2 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 24 
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caaggagagg atagttaact gaaaaagacc taaaaaagaa ggc 43 

<210> 25 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 25 

tcccctgttc ctataattgt tagctc 26 

<210> 26 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 26 

gtggacggca aagaaacaac caaag 25 

<210> 27 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR E>rimer 
<400> 27 

gttcctataa ttgttagctc atttttttc 29 

<210> 28 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 28 

ctctggtacc tcctttgatt agtatattc 29 

<210> 29 
<2U> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 29 

caatggatcc ctcgagatca taatttactt catccc 36 

<210> 30 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> PCR Primer 



<400> 30 

atttctcgag tccatggggg gttc"tcatca tc 



32 



<210> 31 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 

<400> 31 

ggtgctcgag tgcggccgca agct-t: 25 

<210> 32 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 



<210> 33 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 

<400> 33 

gcaaafctggt ggtaaacata actaggggaa t 31 

<210> 34 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 



<210> 35 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 

<400> 35 

cgatagtcca agttatgcat atcatcaatt tgc 33 



<400> 32 

cgattoccct agttatgttt accaccaatt tgctgca 



37 



<400> 34 

agtccaagtt atgcatatca tcaattt 



27 
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<210> 36 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<40O> 36 

gtcgcaaatt gatgatatgc ataacttgga ctat 34 

<210> 37 
<211> 9 
<212> PRT 
<213> E. coli 



<400> 37 

Thr Pro His Pro Ala Arg lie Gly Leu 
1 5 



<210> 38 
<211> 25 
<212> DNA 

<213> ArtifTicial Sequence 
<220> 

<223> PCR Primer 
<400> 38 

ctgtgctttg cgaatggaaa gaagc 25 

<210> 39 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 39 

gttttcattc atacacttag acaagcgttg gcttttgcac ttc 43 

<210> 40 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 40 

gacaagcgtt ggcttttgca cttc 24 

<210> 41 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> PCR Primer 



<40O> 41 

caaaagccaa cgcttgtcta agtgtatgaa tgaaaaccga gtgg 



44 



<210> 42 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<40O> 42 

aagtgtatga atgaaaaccg agtgg 25 

*<210> 43 

<21L> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 



<210> 44 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<40O> 44 

gaacjcagaaa tgaagccaat actcaatc 28 

<210> 45 
<213_> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 



<210> 46 
<213_> 6 
<212> PRT 

<213> Bacillus anthracis 



<40O> 46 

Lys Val Val Lys Asn Lys 
1 " 5 



<40O> 43 

catataaagg ttccacaatt gccttttc 



28 



<40O> 45 

ggttccacaa ttgccttttc aataatc 



27 
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<210> 47 
<211> 12 
<212> DNA 

<213> Bacillus subtilis 
<220:> 

<221> misc_feature 
<222> 5, 6, 7, 8 
<223> n o A, T, C or G 

<400> 47 
gaacnnnngt tc 

<210> 48 
<211> 331 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223r> PGR Primer 



<400> 48 



Met 


iys 


Lys 


lie 


Met 


Leu 


Val 


Phe 


lie Thr Leu lie 


Leu 


Val 


Ser 


Leu 


1 








5 








10 






15 




Pro 


He 


Ala 


Gin 


Gin 


Thr 


Glu 


Ala 


Lys Asp Ala Ser 


Ala 


Phe 


Asn 


Lys 








20 










25 




30 






Glu 


Asn 


Ser 


He 


Ser 


Ser 


Met 


Ala 


Pro Pro Ala Ser 


Pro 


Pro 


Ala 


Ser 






35 










40 




45 








Pro 


Lys 


Thr 


Pro 


He 


Glu 


Lys 


Lys 


His Ala Asp Glu 


He 


Asp 


Ser 


Pro 




50 










55 




60 










Ser 


Tyr 


Val 


Tyr 


His 


Gin 


Prie 


Ala 


Ala Asp Gin Ala 


Arg 


Glu 


Leu 


He 


65 










70 






75 








80 


Asn 


Ser 


Trp 


Val 


Glu 


Ser 


Gin Thr Asn Gly He lie 


Arg Asn Val 


Leu 










85 








90 






95 




Gin 


Pro 


Ser 


Ser 


Val 


Asp 


Ser 


Gin 


Thr Ala Met Val 


Leu 


Val 


Asn 


Ala 








100 










105 




110 






lie 


Val 


Phe 


Lys 


Gly 


Leu 


Trp 


Glu Lys Thr Phe Lys 


Asp Glu Asp Thr 






115 










120 




125 








Gin 


Ala 


Met 


Pro 


Phe 


Arg 


Val 


Thr 


Glu Gin Glu Ser 


Lys 


Pro 


Val 


Gin 




130 










135 




14 0 










Met 


Met 


Tyr 


Gin 


He 


Gly 


Leu 


Phe Arg Val Ala Ser 


Met 


Ala 


Ser 


Glu 


145 










150 






155 








160 


Lys 


Met 


Lys 


He 


Leu 


Glu 


Leu 


Pro 


Phe Ala Ser Gly 


Thr 


Met 


Ser 


Met 










165 








170 






175 




Leu 


Val 


Leu 


Leu 


Pro 


Asp 


Glu 


Val 


Ser Gly Leu Glu 


Gin 


Leu 


Glu 


Ser 








180 










185 




190 






lie 


He 


Asn 


Phe 


Glu 


Lys 


Leu 


Thr 


Glu Trp Thr Val 


Leu 


Gin 


Glu 


Leu 






195 










200 




205 








Asn 


Val 


Thr 


Val 


Arg 


Thr 


Ser 


Ser 


Asn Val Met Glu 


Glu Arg Lys 


He 




210 










215 




22 0 










Lys 


Val 


Tyr 


Leu 


Pro 


Arg 


Met 


Lys 


Met Glu Glu Lys 


Tyr 


Asn 


Leu 


Thr 


225 










230 






235 








240 


Ser 


Val 


Leu 


Met 


Ala 


Met 


Gly 


He 


Thr Asp Val Phe 


Ser 


Ser 


Ser 


Ala 










245 








250 






255 




Asn 


Leu 


Ser 


Gly 


He 


Ser 


Ser 


Ala 


Glu Ser Leu Lys 


He 


Ser 


Gin 


Ala 








260 










265 




270 






Val 


His 


Ala 


Ala 


His 


Ala 


Glu He Asn Glu Ala Gly 


Arg Glu Val 


Val 






275 










280 




285 








Gly 


Ser 


Ala 


Glu 


Ala 


Gly 


Val Asp Ala Ala Ser Val 


Ser 


Glu 


Glu 


Phe 




290 










2 95 




300 










Arg 


Ala 


Asp 


His 


Pro 


Phe 


Leu Phe Cys He Lys His 


He 


Ala 


Thr 


Asn 
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305 



310 



315 



320 



Ala Val Leu Phe Phe Gly Arg Cys Val Ser Pro 



<210> 49 
<211> 8 
<212> PRT 

<213> Gallus gallus 



<400> 49 

Ser He lie Asn Phe Glu Lys Leu 
1 5 



<210> 50 

<211> 9 

<212> PRT 

<213> Homo sapien 



<400> 50 

Val Leu Gin Glu Leu Asn Val Thr Val 
1 5 



<210> 51 

<211> 9 

<212> PRT 

<213> Homo sapien 



<400> 51 

Tyr Leu Ser Gly Ala Asn Leu Asn Leu 
1 5 



<210> 52 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 52 

Tyr Leu Ser Gly Ala Asp Leu Asn Leu 
1 5 



325 



330 



17 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



LJ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




